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GRANBY, MISSOURI, 


Has recently been visited by our collector in the west and results of his trip are 
just being made apparent It takes time to carefully arrange such large ship- 
ments as are constantly received, yet we endeavor to fill advance orders promptly 
and to the purchaser’s satisfaction 

Calamine. An exceptionally large and varied assortment of the crystallized 


mineral occurring in rounded bunches and aggregates. Distinetly terminated 


crystals of the well-known habit, sometimes associated with globular Smithsonite 


—a never-failing attraction as an interesting combination. The present shipment 
1as been priced at unusually low figures and presents a favorable opportunity to 
add to your list of localities. Neat cabinet specimens 2” x 3” from 50c. to $2.00. 
Several handsome museum specimens, $3.00. ‘ 
Pseudomorphs after Calcite, Dolomite, ete., are found occasionally and our 
drawer of these curious changes will deserve your careful inspection. Odd forms 


too numerous to describe at from 50c. to 33.00. 


HOT SPRINGS AND MAGNET COVE. 


Material derived from our collectors’ two weeks visit is replete with fine crys- 
tallizations, interesting groupings and an abundance of all the well-known miner- 
als which have made the localities world famous. Our stock of 

Quartz is nowhere to be equalled either in its scope or attractiveness. 
single crystal, per/ectly terminated, weighs 52 pounds and is considered one of the 


One 


best the locality has ever afforded, Groups for museum or ornamental purposes 
may be had from 35.00 to 840.00, while cabinet-size specimens bring from 50c. to 
$3.00. 

Doubly terminated crystals from Hot Springs are rare and our assortment offers 
favorable inducements to every collector. 75c. to 33.00. 

Inclusions of Chilorite, Pyrophyllite, Albite and a phantomed ‘‘ Manganese 
Oxide” will add a scientific value to your suite of Quartz. 50c. to $3.00. 

Aegirité in matrix,—sharp and bright with occasional terminations. 50c. to 
31.00. 

Monticellite. Distinct crystals with bright faces. Several choice groups 
and many smaller. 50c. to 32.00. 

Wavellite. Complete radiations and botryoidal groups. Very showy. 50c, 
to 31.50. 

Brookite, Dysanalyte, Rutile, Lodestone, Eudialyte, Schorlo- 


mite, etc., ete. 

Fluorites are still en route. They promise quick sale—but advance orders 
will be carefully executed. We do not hesitate to predict satisfaction when your 
purchases have been completed. 

We solicit the privilege of submitting approval consignments, prepared under 
Send us a trial order. 


your direction and forwarded without expense. 
FORMERLY DR. A. E. FOOTE, 
WARREN M. FOOTE, Manager. 
ESTABLISHED 1876. 


PHILADELPHIA, PARIS, 
1317 Arch Street. 24 Rue du Champ de Mars. 
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Art. XXXVIIL—On a Method of Studying the Diffusion 
(Transpiration) of Air through Water, and on a Method of 
Barometry ; by C. Barus. 


1. SMALL bubbles of air in a mass of liquid gradually 
vanish in the lapse of time, if a very high pressure is per- 
sistently maintained. Air forced into the liquid in accordance 
with Henry’s law diffuses into less aérated surroundings, 
becomes dissipated and too far diluted to reappear on removal 
of pressure. The experiment, though interesting, does not 
lend itself to computation. 

I purpose in the following to describe a method of inducing 
the transpiration of air through a wall of water under known 
conditions, seeing that few data on this subject have yet been 
investigated. It is not impossible that from data of this kind 
one may estimate the degree of physical porosity of the liquid ; 
to state, in other words, what fraction of the area of a normal 
interface is permeable, and what fraction impermeable to a 
current of gas. 

The physical laboratory is in possession of a Cartesian diver, 
made by Prof. Blake some years ago. I have been exhibiting 
this yearly since 1895, and as it seems to me, the diver has 
been becoming steadily heavier in this course of years: at 
least, whereas at the outset the diver was usually afloat, it is so 
now only under exceptionally high temperature and low 
barometer. The question therefore occurs whether there is 
any reason for the loss of air in w (see figure), if the top of the 
jar is slightly open and in contact with the atmosphere, after 
the diver has been permanently sunk. Clearly such a reason 
does exist, at least qualitatively, for the air in is under atmos- 
pheric pressure plus the additional pressure due to the head of 
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398 C. Barus—Diffusion of Air through Water. 


water, equal tothe height of A. There is thus a continual 
tendency to squeeze out the air from v through the pores of 
the water into the atmosphere, which in the lapse of years 
may very well produce a definite effect. 

Obviously, merely the head of water stated induces diffu- 
sion ; for change of atmospheric pressure is without differen- 
tial effect. Great pressure-excess at v may be secured by 
increasing this head, but the distance through which the 

imprisoned air will have to diffuse 

. to escape into the air is correspond- 

ingly lengthened. Pressure-excess 

at v for a given head may be incre. 

mented by virtually making the 

water heavier; and this may be 

done by putting the jar A into a 

centrifugal machine, in which case 

the transpiration would still take 
place under known conditions. 

2. A method of accurately meas- 
uring the gas in wv is next to be 
devised. This is accomplished if a 
sensitive thermometer, 7, and a 
reservoir, /?, joined by rubber tub- 
ing to A for producing a variable 
atmosphere, is added as suggested 
in the figure. For reasons stated 
(diver sunk), the vessel, 72, in the 
following experiments is depressed. 
This is objectionable since there is 
some danger of parting the column 
of water in the rubber tube with 
influx of air if the thermometer, 
T, is to be moved up and down. 
A floating diver and raised vessel, 
F, constitute a better disposition. Instead of the divided ves- 
sel, A, /?, a single tube about 6 feet long and a diver usually 
floating at the middle would answer all requirements; but the 
temperature-distribution in so long a tube would be liable to 
introduce serious errors. Finally # is provided with a special 
piece of rubber tubing, C, through which pressure increments 
or decrements may be applied temporarily by the mouth. 

Before beginning a series of measurements, suction and 
pressure are applied alternately at C, causing the diver to move 
up and down throughout A (7’ raised), until the temperature, 
nearly uniform before, has become quite so. Care must be 
taken to avoid violent motion. Thus with a differential sue- 
tion of half an atmosphere, the adiabatic -change of tempera- 
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ture in wv is, at 20° and one atmosphere, about 3°6°. Even if 
the diver falls quietly to the bottom of the vessel of about a 
foot in height, the temperature-increment is adiabatically -23°. 
Good measurement, on the other hand, requires that the tem- 
perature of v should be known to at least -1°C. is so 
placed that the diver permanently floats at the top and remains 
permanently sunk at the bottom of A. Very slight suction 
and pressure alternating now suffice to find the level of unstable 
equilibrium. After some practice this adjustment may be 
made within a millimeter. A steel ring sliding on A (kept in 
vertical position) will indicate this position, so that the head, /, 
may afterwards be read off at pleasure by the cathetometer or 
directly. Immediately after: finding the level in question it is 
best to sink the thermometer into the region to get its tem- 
perature. 

The conditions of floatation here involved follow roughly 
from hydrostaties and Boyle’s law, viz: 
Rm T 


Pw g M (1+m/M)—p,./p,’ (1) 


where // is the height of the barometer at 0° C., p,, the normal 
density of mercury, p,, that of the head of water, A. Further- 
more /? is the gas constant, m the mass and 7 the absolute 
temperature of the gas in v, J/ the mass and p, the density of 
the walls of the diver. The temperature in / is taken as the 
same as that of the water in A. Equation (1) is for dry gases ; 
for wet gases p’/p,,g is to be added, if p’ is the vapor pressure 
of water. 

It will be at once seen that there are grave objections against 
making the float of glass: in such a case the temperature, 7, 
cannot be accurately found, and this is the critically important 
datum. A metal vessel is therefore preferable, in which case 
moreover the value p,,/p, will |. small enough to make the 
coefticient of 7 in an empirical equation constant. Unfortu- 
nately the level of the inclosed liquid is not at once given. 
The temperature discrepancy also requires the exclusion of 
bulky non-conducting air masses in v. Other conditions of 
sensitiveness are obvious. 

If air diffuses out of the apparatus, m/J/ will decrease ; in 
other words, the coefticient of temperature, ¢, in the empiric 
equation 


h+H™= A+B (t—20), (2) 
Pw 
modeled after (1), i.e., B will decrease. A is a constant and 
observations are taken near 20°C. Now £ can be found with 
ease from an even number of measurements by differences, 


j 

{ 

} 

i 

i 

? 
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since at constant //, it is merely the rate at which / varies 
with ¢, the temperature of the air in the float. 

This is the method which I have adopted. It depends for 
its success chiefly on the determination of ¢, so that slow work, 
avoiding the thermal effects of adiabatic expansion, is presup- 
posed. After standardizing the vessel it is to be put away to 
be examined in the lapse of years. 

The following data were obtained in the standardization in 
question : 


H, computed. 
em. 0° C, 


77°02 
26 
26 


H, observed. 
em. 0° C. 


SH 


Or 
m De 


Lo bo bo 
8) 


—43°60 
—37°95 
—32°27 


— 24°94 


18 
23 
24 


5 
NNWNN ND 


ISO 


2 


The errors encountered in this work are shown by the com- 
parison made of /Z. The first datum observed is wrong for 
some special reason, probably the column /_ parted. “The 
remainder show a fair order of agreement, remembering that 
with a glass float, at a temperature different from that of the 


atmosphere, it is impossible to get the temperature of the air 
in the float accurately by mere waiting. 

3. In spite of the unfavorable conditions of experiment, it 
is interesting to note that the arrangement given is a water 
barometer, which instead of being upwards of 30 feet long, con- 
sists of two ordinary vessels. ‘I have not thought it worth 
while to look up the literature of barometry, but it is hardly 
probable that a device like the above has been left untried. I 
will merely remark that if a barometer is made in this way, 
the metallic float should either be annular so as to encircle the 
thermometer, 7, when observations are made, or the thermom- 
eter should be an integral part of the float. In the above ves- 
sel, for instance, a temperature error of 1° C. corresponds to 
‘39 of mercury, so that the temperature reading must be 
vouched for to about 025 C., if the barometer is to be correct 
to 1/10 millimeter. A table of double entry, or a chart, would 
then give // for the arguments / and ¢ as shown. 

Brown University, Providence, R. I. 
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Art. XXXIX.—The Separation and Determination of Mer- 
cury as Mercurous Oxalate; by C. A. PETERS. 
{Contributions from the Kent Chemical Laboratory of Yale University--XCIV.] 


It is stated in the literature* that oxalic acid, neutral and 
acid oxalates of the alkalies, precipitate mercurous salts, and 
that oxalic acid and the double oxalates of potassinm produce 
no precipitate with mercuric chloride solution, Starting with 
these facts, the attempt was made to estimate mercurous salts : 
volumetrically, by precipitating with ammonium oxalate and 
determining the oxalic acid by potassinm permanganate; and 
gravimetrically by direct weighing of the precipitate. 

The Volumetric Estimation. 

The mercurous nitrate solution used was standardized by the 
battery, and contained about 12 gms. of metallic mercury to 
the liter. To obviate the tendency of the mercury salt to 
break down and form basic saltst upon the addition of a large 
amount of water if no nitric acid is added, the solution was 
prepared in the following manner. About 20 gms, of mereu- 
rous nitrate were ground in a mortar, transferred to a flask, 
and 200-300 water added. After shaking well, the solu- 
tion was filtered and the filtrate diluted to one liter. Five em* 
of this solution when precipitated with a sodium chloride 
solution gave a filtrate from which only a very slight darken- 
ing in color could be obtained, even upon several hours 
standing, when treated with hydrogen sulphide, thus showing 
the absence of a mercuric salt. 

A solution made in the above manner had not changed its 
standard after a period of eight weeks. The potassium per- 


manganate solution (approximately To) Was standardized against 


lead oxalate. 

It was first attempted to estimate the mercurous salts as 
follows. The mercurous oxalate was precipitated cold by 
means of ammonium oxalate, stirred well, and allowed to 
settle, the completion of the precipitation being determined 
by addition of more ammonium oxalate. The precipitate was 
collected on asbestos, washed once or twice with cold water, 
and (still in the crucible) treated in a beaker with 5° of 
strong hydrochloric acid. To the solution diluted to 100-200°™" 
1 gm. of a manganous salt was added, and the oxalic 
acid was titrated with permanganate at the ordinary tem- 
perature of the room. The end color was not stable and 
was hard to determine. Three experiments, using 0°1217 of 

*Rose und Finkener, Handbuch der Analytischen Chemie, i, 319. 
+Graham Otto, Handbuch, iii, 1102. 
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mercury in form of mercurous nitrate, gave plus errors of 
0°0011 gms., 0-0017 gms. and 0-0028 gms. respectively, or 1°5 per 
cent. The precipitate when dissolved in sulphuric acid and 
titrated gave no better results. To obviate this difficulty the 
ammonium oxalate solution was matched on the permanganate 
and the oxalic acid in the filtrate determined. The results 
obtained by this method, given in the following table, are 
quite accurate. 
Excess 
of ammonium 
He oxalate HCl 
taken as He n Sp. gr. H.SO, 
found. ®PP: 75 116 MnClo.4H,0 1:1 Error 
gms, gnis. cm? em?* gms. cem?* as Hg 
A 


—0°0002 
+0 
—0'0011 
—0°0007 
—0°0008 


0°1825 185 0°90 
0°1217 7% 0°93 
0°99 
4°05 
4°97 


oro 
Or Gr 


+0°00038 
—0°0006 
+0°0002 
— 0°0002 
—0°0015 


0:93 

0°97 

0°89 
0°3040 0°82 


Or Or 


5 

2 
oy 


Or 


10 


In the experiments recorded in section A of the table the 
filtrate was titrated in the presence of hydrochloric acid and a 
manganous salt, ata temperature of 20°-40°.* In the experi- 
ments under section LB sulphuric acid was added and the solution 
heated in the usual manner. - An excess of ammonium oxalate as 
shown in exps. 4, 5 and 10, interferes in no way. 

The separation of mercurous salt from small quantities of 
mercuric salts, by the means of dilute nitric acid, sp. gr. 1°15, 
was next attempted. It is stated+ that mercurous oxalate is 
insoluble in cold dilute nitric acid, while mercuric oxalate is 
more or less soluble in the same reagent. Before attempting 
any separation, however, there are three factors with reference to 
the action of the nitric acid which need to be determined—tirst, 
the maximum amount of nitric acid that may be present in 
titration of an oxalate without interference ; second, the maxi- 
mum amount of nitric acid that may be present in a precipi- 
tation of mercurous oxalate without having any perceptible 
solvent action upon the same; and, third, the amount of 
mereuric oxalate which will be*held in solution by given 
amounts of nitric acid. 


* Gooch and Peters, this Journal, vii, 461, 1899. 
+ Souchay and Lenssen, Ann. d. Chem., cii, 43. 
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To determine the amount of nitric acid that may be present 


in the titration of an oxalate, 10% of jo 2tmonium oxalate 
( 


were titrated with permanganate at a dilution of 100° with 
sulphuric acid at 80° C. The event proved that 10 of nitric 
acid, sp. gr. 1°15, may be present without appearance of inter- 
fering action. The maximum amount of nitric acid which may 
be present without action upon the mercurous salt was deter- 
mined as shown in the following experiments. 
Excess of 
ammonium 

Hg oxalate 
taken as = approximately HNO; Volume Hg 
Hg.(NOs)2 n Sp. gr. 1°15 at found 

gms. 10 — em* precipitation gms. Error. 
0°1122 "64 100 0°1087 —0°0035 
‘62 01098 — 00024 
0°1096 — 0°0026 
0°1109 —0°0013 
40 071134 +0°0012 
071115 —0'0007 
‘70 0°1116 —(0°0006 
‘59 0°1096 — 0°0036 
62 —0°0011 
12 0°1108 —0°0014 
‘59 i 0°1107 —0°0015 
0°1008 —0°0007 


( ‘ 
| 
| 
\ “ 


1 0°1010 


Working under the conditionsstated in the above table, it is plain 
that 5° of nitric acid, sp. gr. 1°15, may be used before its solvent 
action is sufficient to interfere with the accuracy of the process. 
To determine the amount of mercuric salt that would be 
held up by 5° of nitric acid, sp. gr. 1°15, the following experi- 
ments were made. 
Hg Ammoninm 
taken as HNO; 


n 
Hg.(NOs)2 Sp.gr. 1:15 oxalate Volume 
Time before precipitation. 


gms. cm" cm?’ in excess 
0°0335 4 0°75 100 5 hours. 
0°0095 1°00 100 No. ppt. 20 hours 
0°0143 100 
00238 15 100 Slight ppt. 20 hours 
0°0238 5°d 100 25 minutes. 


Five em‘ of dilute nitrie acid (sp. gr. 1°15) will prevent the pre- 
cipitation of small amounts of mercuric salt, 10-20 mgms. 
caleulated as mereury, depending upon the amount of ammo- 
nium oxalate present in excess. This amount of nitric acid 
has no apparent solvent action on a precipitate of mercurous 
oxalate under conditions already stated and does not interfere 
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with the titration of an oxalate by permanganate as already 
shown. 

Jarrying out the process of separation of mercurous from 
mercuric salts, the precipitation was made as described for the 
estimation of mercurous salts alone, excepting that nitric acid 
and mercuric salt were added. The experiments in A, B, and 
C, of the accompanying table show the amounts of mercuric 
salt from which the mercurous oxalate may be separated with 
2° of nitric acid. In experiments in section A the results are 
quite accurate, but an excess of ammonium oxalate tends to 
increase the results a little as seen in experiments under B. 
An increase in the amount of mercuric salt present causes also, 
as shown in section ©, the results to be a trifle high. 

Ammonium 
Hg(NOs)2 oxalate 
Hg taken present n HNO; Volume 
"as calculated 7) Sp. gr. at Hg 
Hg.(NOs)e2 as Hg. in excess. 1:15 precipi- found, 
gms. gms. cm? em? tation. gms. Error. 
0°0067 0°86 100 0°1232 —0°0015 
0°92 = 4 +0°0003 
+0°0001 
+ 0°0007 
—0°0004 
+0°0016 
+0:0018 
+0°0021 
0°0134 ‘87 +0°0013 
"86 "1232 +0°0015 
3° —0-0006 
0°0067 + 0°0000 
“¢ 0°2240 —0'0004 
0°0141 2°98 0°2230 —0°0014 
0°2241 —0°0003 
02289 +0°0045 
02285 +0°0041 
0°2432 +0°0008 
0°2414 —0°0010 
—0-0003 
0°0134 + 0°0026 
+0°00i2 
0°'0144 gic —0°0001 
0°0240 071136 +0°0014 
0°1130 +0°0008 


6°. 
K 6° 


In experiments D, using 4°"° of nitric acid even in the 
presence of an excess of ammonium oxalate, the results are 
accurate. In experiments E the amount of mercurous salt 
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was doubled and the results are accurate. In EE the amount 
of mercuric salt was also doubled and the results are still 
fairly accurate ; but when a large excess of ammonium oxalate 
is present as in experiments F’, even with the smaller amount 
of mercuric salt, the results are high. At a dilution of 
200° the results are normal as seen in experiments G; but 
the introduction of more mercuric salt, as in experiments H, 
causes a plus error. 

Using 5° of nitric acid, the larger amount of mercuric salt, 
together with a large excess of ammonium oxalate, as recorded 
in experiments K, the error is raised a trifle; but with a smaller 
amountof mercurous salt as in experiment I the result is normal. 


In precipitating mercurous salts by ammonium oxalate (3) 


it is an easy matter to keep the excess of the precipitant within 
the limits of 1 or 2°*, because the mercurous oxalate, when 
properly stirred, settled very rapidly. 

The Gravimetric Estimation. 

All the conditions described above in the volumetric estima- 
tion of mercurous oxalate, for the separation of mercurous 
from mercuri¢ salts, may be applied to the gravimetric estima- 
tion of mercurous oxalate. The precipitate is collected on a 
weighed asbestos filter, washed two or three times with cold 
water and dried over sulphuric acid to a constant weight. 
Amounts of mercurous oxalate equivalent to 0°1217 and 0:2244 
gms. of metallic mercury dried to a constant weight over sul- 
phuric acid in about 15 hours; a larger amount equivalent to 
03 gm. of metallic mereury, required about 2 days to dry toa 
constant weight. Souchay and Lenssen* state that mercurous 
oxalate breaks up at 100°; consequently this temperature can- 
not be used for drying. For example, a precipitate containing 
0°1122 gms. mercury as the oxalate which when brought to a 
constant weight at the ordinary temperature over sulphuric acid 
weighed 0°1371 gms., and was heated and weighed as follows : 

After 7 hours at 110°, weight = 0°1338 gms. 
“ “ 0°1302 


The result shows a loss of 0°0069 gems. for 16 hours heating, 
and agrees with the statement of Souchay and Lenssen. 

The following experiments give the results of the gravi- 
metric work, in which the drying was effected, by exposure for 
15 hours or less, at ordinary temperatures, over sulphuric acid. 
The larger amounts of nitric acid present in the separations 
cause the precipitate to be more granular and aid in the filter- 
ing process. 

* Ann., cili, 308. 
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Hg 
taken as 


Hg2(NOs;)2 


ems, 
0°1217 


0°1122 


Hg 


present 


as n 
Hg(NO;). 


gms. 


Excess 
ammonium 
oxalate 
present 


cm? 


Volume 


at 


precipi- Hg 
tation found. 


cm*, ems, 


100 


Error. 

gms. 
+0 0000 
+0:0000 
+0°0002 


0°0067 
0°93 
4°40 
0°0135 0°72 
0:0071 1°68 


0°93 +0°0008 

—0°0010 
+ 0°0002 
+ 0°0003 
+0:'0009 
—0°0003 
+0°0004 
+0°0001 


02244 


“ “ 2°46 


P 00048 0°54 200 
1 “ 2°44 


In section K are experiments showing the accuracy of the 
process where a mercurous salt is precipitated in the absence of 
a mercuric salt. A small amount of mercuric salt was intro- 
duced in experiments L, and an excess of ammonium oxalate 
in experiment M, a still larger amount of mercuric salt was 
present in experiment N, and a larger amount of mercurous 
salt in experiments under O. In experiments in section P a 
dilution of 200™> was employed both with and without an 
excess of ammonium oxalate. All the results are within 
reasonable limits of error. 

The work may be summed up briefly as follows: Mercurous 
nitrate may be estimated volumetrically by precipitating as the 
oxalate and determining the excess of the precipitant with per- 
manganate. 

The precipitated mercurous oxalate may also be estimated 
gravimetrically by drying it over sulphuric acid and weighing 
directly. 

In solutions containing 2-5 per cent dilute nitrie acid, sp. gr. 
1°15, mercurous salts may be separated quantitatively as_ the 
oxalate from small quantities of mercuric salts. 

If about 0°12 gm. of mereury is present as the nitrate in 
100 of water, about 12 per cent of that amount of mercury 
as the mercuric salt may be present without interfering with 
the accuracy of the estimation, and even 20 per cent may be 
present before an appreciable rise in the result is apparent. If 
the amount of mercurous salt present is doubled, the amount of 
mercurie salt which may be present is cnt down about one-half. 

The author wishes to thank Professor F. A. Gooch for many 
kind suggestions given during the course of this work. 
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Art. XL.—Electrical Resistance of Thin Films Deposited 
by Cathode Discharge ; by A. C. LONGDEN, 


More than twenty years ago, a method of depositing metal- 
lie films upon glass, by means of electrical discharge in 
exhausted tubes, was devised by Professor A. W. Wright* of 
Yale University. This physicist not only described a method 
of producing the films, but he pointed out the peculiar bril- 
liancy of their mirror surfaces and their colors by transmitted 
light. He also noted the rate of deposition of the different 
metals, and suggested that as aluminum and magnesium were 
deposited very slowly, these metals should be used as elee- 
trodes in vacuum tubes, in order to prevent the discoloration 
of the glass in the neighborhood of the cathode, which was so 
common when platinum electrodes were employed. 

During the past two years I have been investigating the 
electrical resistance of thin films deposited by a modification 
of Professor Wright’s process. 

Quite early in ‘this investigation it was observed that very 
thin films have enormously high electrical resistance,—very 
much higher, as compared with thicker films of the same kind, 
than their thickness would seem to indicate. It was also 
observed that, in many cases, temperature changes did not pro- 
duce such variations in electrical resistance as are common in 
ordinary wire resistances. 

As early as April 30, 1898, careful measurements of the 
resistance of a particular platinnm film at different tempera- 
tures, revealed the fact that its temperature-coefticient was 
negative, its value being —0°00013. Numerous measurements 
which have been made since that time, fully warrant the state- 
ment that all very thin films have negative temperature-coefti- 
cients, and that films within a certain range of thickness have 
zero or negligible temperature-coefticients. 

A peculiar relation is found to exist between the magnitude 
of the temperature-coefticient of a film resistance, and the 
process of artificial ageing. If a film be placed in a bath of 
melted paraffin or hot oil, and measured while in the bath, its 
resistance is usually found to change quite rapidly at first, and 
then gradually less rapidly for a considerable length of time. 
If the first rapid change is an c¢nerease, a maximum is soon 
reached, and then follows a gradual and long continued 
decrease. In sacha case, the temperature-coetticient is positive. 
If, however, the first change is a decrease, the later and more 
gradual change is an increase. In such a ease as this, the 


* This Journal, vol. xiii, pp. 49-55, 1877. Ibid., vol. xiv, pp. 169-178. 
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temperature-coefficient is negative. If the resistance does not 
change at first, it will not change at all. In such a case the 
temperature-coefticient is of course zero. A small temperature- 
coefticient is therefore desirable, not only for its own sake, but 
because a film resistance having a small temperature-coetticient 
does not require much artificial ageing ; and because such a 
resistance is exceedingly reliable after the ageing process is 
finished. 

Film resistances, after artificial ageing, should be protected 
from the atmosphere. The necessary protection may be 
afforded in any one of a variety of ways. The film may be 
sealed in a vacuum tube, it may be embedded in paraffin, or it 
may be coated with a varnish prepared by dissolving india- 
rubber in carbon disulphide. 

In the early part of this investigation, the electrical contacts 
between the films and their terminal wires gave uo small 
amount of trouble. Clamped contacts were unsatisfactory, 
both on account of the delicacy of some of the very thin films, 
and on account of the tendency of the oil or paraffin to force 
its way into the joints during the process of artificial ageing. 

To overcome these difficulties, several methods of making 
electrical connections were devised. The one which was most 
used, consisted in depositing very thick films of negligible 
resistance upon the ends of the thin resistance films. Terminal 
wires were then wound on, and the joints between the wires 
and the thick ends of the films were permanently secured by 
the electrolytic deposition of copper and silver upon them. 

These resistances, when properly prepared, are not to be 
classed with carbon resistances, but may be regarded as stand- 
ards of a very high degree of accuracy. They may have any 
desired value, from a few ohms up to several megohms. They 
may be made of pure metals and thus be free from the danger 
of disintegration which is so common in alloys; and the metals 
chosen may be such as are least affected by externa! influences. 
In addition to these valued qualities as pure metals, they pos- 
sess the only advantages of alloys, namely, high resistance and 
low temperature-coefticients. After suitable artificial ageing 
and subsequent protection from the atmosphere, they may be 
regarded as perfectly trustworthy standards. 

It is important, however, that the artificial ageing process 
should be thorough. Otherwise the gradual change in resist- 
ance which the films are undergoing may continue for several 
months. 

I append a few records for the purpose of presenting the 
results of perfect and imperfect artificial ageing. The results 
given in the successive columns of the table are for measure- 
ments made at intervals of abont a month. They are for 
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measurements either made at the same temperature, or reduced 
to the same temperature; the temperature-coefficients of the 
several films having been carefully determined. 

These records are exhibited in three classes. In class ©, 
where the films were imperfectly aged, the variations during 
the first month amounted to several per cent, and even during 
the third month were as much as two- or three-tenths of one 


Numbers. Resistances in ohms. 
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per cent. In class B, more perfectly aged, the variations dur- 
ing the third month were only a few hundredths of one per 
cent; while in class A, if the resistances changed at all during 
the three months, the changes were so small as to be within 
the range of errors of observation. 


Physical Laboratory of Columbia University, 
April 18, 1900. 
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Art. XLI.—On a new Meteorite from Oakley, — County, 
Kansas; by H. L. Preston. 


THE aerolite described in this paper was found fifteen miles 
southwest of Oakley, Logan County, Kansas, by Chas. Hicks, 
in the spring of 1895. He discovered it at a depth of about 
three feet below the surface, while ploughing on his farm. 

Mr. Hicks states that it fell on Feb. 20th, 1894, about 11 P. M. 
and seemed to come from the N.E. It did not appear to 
burst before striking the earth, and, as stated above, was found 
by him the following spring. As to the date of fall of this 
meteorite Mr. Hicks is certainly mistaken, as will be shown 
later on. The mass passed from Mr. Hicks into the hands of 
Prof. G. H. Failyer of Manhattan, Kansas, from whom Prof. 
H. A. Ward of Chicago purchased it in December of 1899. 

Its weight, when received by Prof. Ward, was 61 lbs. 10 oz. 
and was 741012 in. its greatest diameters. One side of the 
mass was covered entirely with the original crust, a large por- 
tion of it being of a dull black color, interspersed with numer- 
ous patches of yellowish brown rust spots, due to the oxidation 
of the iron. The opposite face showed the interior of the 
mass, a large flake, covering nearly three-quarters of the sur- 
face, having been broken off evidently at the time the mass 
struck the earth, as the surface was much oxidized and had the 
appearance of a very old break. Again, two-thirds of the 
edges were chipped, showing old fractures ; while a large 
portion of the face showing crust, with several of the fractured 
surfaces on the edges, were coated with a very thick deposit of 
carbonate of lime. This could not have been deposited during the 
time that elapsed between the date of the fall, as given by Mr. 
Hicks, and the time it was found by him; on the contrary, it 
must have lain in the position where found a very long period 
of time in order to become thus thickly coated by the lime. 

The larger surface of the mass showing crust is very smooth, 
entirely free from the customary pittings, except on one edge, 
of a thickness of 74 inches where large prominent and charac- 
teristic pittings are present. 

On slicing the meteorite we find that the groundmass is 
compact, and grayish black in color, more or less spotted with 
much darker blotches or streaks, and abundantly flecked with 
bright iron grains. The largest of these observed was 6" in 
diameter; in the center of it is a small troilite nodule 1™™ in 
diameter. On the polished surfaces numerous grains of troilite 
are visible which form a strong contrast by their bronze-yellow 
color to the white nickeliferous iron. 
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The sections have also numerous fissures extending across 
their surfaces, following somewhat the rounded outline of the 
exterior of the sections. These fissures were probably caused 
by the contact with the earth’s crust at the time of its fall. 

By carefully powdering and repowdering 18 grams of this 
stone, and separating the iron from the silicates by a magnet, 
we found the ratio of the metallic part to the silicates as 
follows : 


Metallic part ) Ni+Co ... 


Silicates 
100 00 
An analysis of the metallic part by Mr. J. M. Davison of 
teynolds Laboratory gave 


89°16 
i 10°84 


100°00 


Specific gravity, 3°7. 

Dr. Geo. P. Merrill of the U. 8. National Museum, to whom 
I sent a few fragments of this stone, kindly made sections of 
some and examined them for me. “He found that the stone 
belongs to the chondritic olivine-enstatite type, though the 
chondritie structure to the unaided eye is somewhat obscure, 
well defined, spherical chondrules being few and widely scat- 
tered. In general appearance it closely resembles the Pipe 
Creek, Bandera County, Texas, aerolite, but is of finer grain. 
Under the microscope it presents no features not common to 
aerolites of this class—olivine and enstatite chondrules imbedded 
in a very irregularly granular groundmass of the same mate- 
rials, with numerous particles of metallic iron and iron sul- 
phides. The chondrules present the characteristic barred (or 
grate) and fan-shaped structures, and are often themselves 
fragmental. The structure is on the whole very obscure, and 
more closely resembles that of Pipe Creek, as above mentioned, 
than any other of which we have slides. No silicate, other 
than olivine and enstatite, could be determined in the slides, 
but the solution obtained by digesting the powdered stone in 
dilute hydrochloric acid contained a trace of lime and alumina, 
suggesting the presence of a lime or a lime soda feldspar.” 

The stone would thus belong to the Meunier type 34, 
Erxlébénite. 

Its nearest prominent geographical point being Oakley. It will 
be designated as the Oakley meteorite (Logan County, Kansas). 


1°68 
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The eleven following meteorites have been reported from 
Kansas. 
Tonganoxie 11°5 kilograms 
Brenham (a number of pieces) over 900 
Farmington (2 stones) ..-..--..-- 84 ” 
876 grams 
Waconda 26 kilograms 
Oakley 
Ness County (17 stones) 
Kansada 
Jerome (2 stones) 
Prairie Dog Creek 
Long Island (a number of pieces) - 


The first on the list is a siderite, the second a siderolite, 
while the balance are aerolites. Of the nine aerolites but two, 
the Farmington and Ottawa, were seen to fall. Of the remain- 
ing seven we have no data whatever, even as to rumor, of the 
date of their fall; six of these, omitting the Waconda, are evi- 
dently remnants of a very old fall. 

It seems that it is more than probable that five of these are 
representatives of the same fall. Starting with Ness County, 
of which seventeen stones have been found within a few miles 
to the S.E. and S.W. of Ness City, we have the Kansada 
found 17 miles N.W. of Ness City, the Jerome 39 miles N.W. 
of Ness City, the Prairie Dog Creek 88 miles N.N.W. of Ness 
City, and the Long Island 107 miles N.N.E. of Ness City. 

We have thus a parallelogram 35 by 117 miles in diameter 
extending in a northeasterly direction, covering the area of 
these five finds. 

They are all, as far as they have been cut, oxidized entirely 
throughout the mass, leaving the groundmass of a dark yel- 
lowish brown color, with but small patches of the original 
gray color of the silicates remaining. The crust in each case is 
much weathered and oxidized, and on portions of each find has 
been coated with varying thicknesses of the carbonate of lime. 

The structure of each is chondritic, and macroscopically at 
least is very similar in other respects. 

This statement cannot however be verified unless each of 
these five finds were analyzed by precisely the same method, 
and numerous sections from each made and studied under the 
microscope by the same petrologist. 

It seems likely, therefore, that within this area we may 
expect that other stones bearing a close resemblance to these 
five will be found. 

The remaining four aerolites are however entirely distinct in 
their character, and undoubtedly have no connection whatever 
with the unknown fall of the above five. 
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ArT. XLII.— Some Observations on Certain Well-Marked 
Stages in the Evolution of the Testudinate Humerus; by 
G. R. WIELAND. 


THE study of the morphology and development of an 
important skeletal part throughout an order must, as knowl- 
edge increases, throw much light on the evolution of the order 
itself. How far in the definite case here presented, the Testu- 
dinate humerus reflects the evolution of the Zestudinata is a 
difficult question to answer even in general terms and as yet 
impossible to deal with finally. Nevertheless its present con- 
sideration, as based upon the fundamental principles of evolu- 
tion, makes possible a clearer discernment of some valuable 
data. 

Obviously if we select a specialized organ in a specialized 
group we may expect that the factors which have been potent 
in moulding it will have been on the one hand restricted in 
their action and on the other more strongly thrown into relief. 
Such an example is the Testudinate humerus, presenting also 
many advantages of study. For there is in the turtles to a 
degree scarcely approached in any other order a graduated 
change in habitat from dry deserts to the ocean, with varied 
feeding habits, as well as a wide distribution of both living 
and extinct forms in latitude and time. 


The two great groups of existing Testudinates, the land and 
the marine, the clawed and the flippered forms, each possess a 
characteristic humerus which can never be mistaken the one 
for the other. But if various intervening fossil types chiefly 
of Mesozoic age be considered, it at once becomes evident that 
there has been a steady and well-illustrated transition from 
whatever was the original form toward the humerus seen in 
the most highly specialized land turtles in the one direction, 
and toward that of the most highly specialized or o/der sea 
turtles in the other. That is, a series may be discerned with 
well-marked stages easily graduating into each other, at the 
one end of which stands the humeral form -seen in various 
genera of the 7Zestudinida, and at the other that of Dermochelys, 
which is either a very ancient, or else the most highly special- 
ized marine turtle known. 

Of these stages the attempt is here made to point out and 
describe six. In doing so it should perhaps be stated at the 
outset that while variations in humeral outline can scarcely be 
conceived of except as being chiefly adaptive in character, 
being so intimately connected with habitat, it will be seen that 
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quite constantly when dealing with well marked intervals in 
form there are accompanying generic or family variations. 
This is indeed so persistently the fact that presence of humeral 
differences must generally be regarded as of distinct diagnostic 
value, though absence of such may be simply non-determinative. 

In the descriptions and notes which follow I shall term the 
most specialized land humerus as parachelic, and the general- 
ized land and freshwater type as chelic. It will be seen that 
there is in general a corresponding humeral distinction between 
the more specialized and the more generalized land turtles. 

Certain Mesozoic turtles regarded as transitional brackish or 
salt-water forms have intermediate humeri which may be 
described as chelicoid and thalassoid, the former resembling 
more nearly land, the latter oceanic outlines. Finally, the 
strictly oceanic and the ultra or specialized oceanic humeri will 
be respectively spoken of as thalassic and parathalassic.* Here 
also there is a certain corresponding general development. 


The land forms (Parachelic and Chelic). 


The parachelic humerus is in general that of short-clawed 
dry land tortoises, most of the genera of which are rather 
recent in geological time, and have probably been derived from 
longer clawed ancestors of more aquatic habit. This humerus 


is seen in such genera as Zestudo and Cinyxis. Its strongly 
sigmoidal outline in the dorso-ventral plane with the proximal 
end upturned and the distal depressed, the reverse of the 
condition seen in the humerus of running mammals, at once 
strikes the eye. But with reference to other reptilia a most 
important feature is the closely proximal position of the radial 
crest or analogue of the deltoid crest. The ectepicondylar 
foramen or gruove is distinctly ectal, diminutive, and situated 
well back from the distal end. There is never a very promi- 
nent ulnar crest or broad and rounded distal extremity as in 
Chelydra. Instead the distal articular surface forms a roller as 
in the Zacertilia, this being the most important distinguishing 
feature. (See fig. 12, introduced to show this point as well as 
the general correspondence of parts in the Lacertilia and the 
Testudinata, the same notation having been used for this pur- 
pose.) 

It may be noted that there is correlated with this form of 
turtle humerus a tendency to form broad short heavy claws, 


* As will be noted, the first three of these adjectives has been derived from the 
Greek 77/7, chele, hoof, claw,—that is humeri bearing clawed feet. It has been 
thought preferable to derive the second three from Thalassa, the sea,—a habitat 
in which claws are lost, rather than from mrépvé, pteryx, wing, used once by 
Nicander for the flipper of a turtle. Some might hold it better to derive the 
entire series from habitat. 
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the first step towards an ungulate type of foot. As seen in 
the accompanying figs. 1-4, the present is a plastic type of 
humerus which may be well marked in the case of forms only 
specifically distinct. The humerus of the senile genus J/io- 
lania Owen (15, 22) would probably fall within the parachelic 
series. Zestudo polyphemus—with a complex as opposed to a 
simple carpus, and an innominate pelvis—affords a good 
example of the distal grooving and other modifications here 
emphasized. 


Parachelic humeri of Galapagos Islands tortoises. Outlined from Giinther (9).* 


Figures 1 and 4.—TZestudo elephantopus Harlan,—ventral and dorsal view. 

FiGurRES 2 and 3.—TZestudo ephippium Giinther,}—ventral and dorsal view. 
§a, head; b, radial crest; c, ulnar crest; d, ectepicondyle; e, ectepi- 
{ condylar foramen (or groove); f, ectocondyle; g, entocondyle. 


The Chelic humerus.—The fundamental difference between 
the second or chelic type of humerus and the preceding con- 
sists in the straightening of the distal extremity into a simple 
rounded end bearing the articular cartilage, without develop- 
ment into a grooved articular surface. The ulnar crest may be 
more prominent, and the ectepicondylar foramen oftener seen 
as a groove more distal in position, but always near the outer 
edge. 

Most distinctly clawed TZestudinates have this form of 
humerus, and as these range from land and freshwater to web- 
toed and partly brackish water species, distinct variations, such 
as increase or decrease in the angle between and size of the 
ulnar and radial crests, may be expected, and are present. 

* Nos. in parentheses refer to list of references page 423. 


+ Dr. Baur has proposed to call this tortoise Testudo Abingdonii (3), but Roths- 
child (16) and Giinther (11) have shown that 7. ephippium is to be retained. 
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Though the uniformity with which this humerus ranges 
through many genera of the Cryptodira, Pleurodira, and 
Trionychia, render it as yet of little value to the paleontol- 
ogist, excepting the Chelydran variation here included, 
although somewhat aberrant and suggestive of natatorial types. 
Examples of chelic humeri are seen in the genera Lmys, 
Chelopus, Trionyx, Podocnemis, Chelydra, Chel ys, and others. 


Dorsal views of right humeri showing descent of radial process as noted by 

Dollo (8). Lettering as in figure 1. 

FIGURE 5.—Chelydra serpentina. 

Figure 6.—Lytoloma crassicostatum Owen (Lower Landenien (Lower Eocene) of 
Erquellines). 

Figure 7.—Chelone mydas L 

FIGURE 8.—Protostega gigas Cope, x about +. (Niobrara Cretaceous.) 

FI@cRes 5-7 are outlined from Dollo (8), figure 8 from Cope (6).—Figure 5 
regarded as Chelic, 6 Thalassoid, and 7 and 8 as Thalassic. 


The transitional Water-types of the Mesozoic. 


The Chelicoid Form.—General osteological characters in 
addition to position in time have led to the belief that the 
straighter shafts noticed in certain Jurassic turtles such as 
Acichelys, are those of primitive oceanic Chelonia. As these 
humeri yet bear a distinct resemblance to the land forms they 
may be described as chelicoid. They are characterized by an 
imperfectly developed head, a straightening of the shaft and 
small ulnar and radial processes, the “latter being placed on the 
level of the head. Examples are seen in the Acichelyide (14) 
of the Wealden and Kimmeridge; also in the more chelic 
humerus of Acichelys (Eury ysternum) Waglert (22), which has 
the lateral proximal crests small, but the articular head rela- 
tively large with some str 1ightening of the shaft. 

It is to be noted that these intermediate forms are the most 
difficult to place, and that between them and the following 
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quite distinct early marine, or thalassoid humerus there is no 
very well defined boundary. However, if all the forms were 
known there would be no hiatus at any point, especially since 
it would then be possible to determine offshoots from the main 
line of descent. 

The Thalassoid Humerus.—The second transitional form 
includes humeri of turtles which had probably become wholly 
marine in habit, but retained certain features of their semi- 
marine ancestors with chelicoid humeri. The conversion into 
the generalized marine form is however completed by the vari- 
ations seen in this humerus. The drop of the radial crest so 
strongly marked in succeeding marine turtles begins, while the 
angle between this crest and the ulnar crest tends to disappear, 
the latter becoming very prominent in an ecto-enteral plane. 
Cf. figs. 6, 9, and 10, also 5-8 in text. 


Thalassoid and thalassie turtle humeri (with lizard humerus compared with 
figures 1-4). Lettering as in figure 1. 
Figures 9 and 10.—Neptunochelys (Protostega) tuberosa, x}. From Cretaceous 
near Columbus, Mississippi, outlined from Leidy (12). See note p. 418. 
FigurRE 11.—Thalassochelys caretta. Left outer view. 
Figure 12.—Heloderma suspectum Cope. Right dorsal view. 


The humerus of Lytoloma, which has been made the subject 
of a suggestive paper by Dollo (8), may be cited. He holds 
this form to be essentially “chelydroid,” a view which is in 
the main concurred in here. For convenience in the present 
classification, the term thalassoid may as well be used, the 
resemblance to the humerus of the Cheloniidw being fully as 
strong. It should be borne in mind that the chelicord humeri 
of the Acichelyide intervene, so far as may now be judged, 
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between such forms as Lytoloma and Towochelys on the marine 
side, and the humerus of Chelydra, a chelic or land form modi- 
fied as has been previously noted, in the direction of natatorial 
types. It is of course possible that the flippered Cryptodira 
represent several lines of descent from land forms, each having 
distinct, but in the main, parallel characters. 

Another very distinct thalassoid form which may well be 
mentioned here is the “turtle-like humerus” from the Cre- 
taceous near Columbus, Mississippi, figured by Leidy and at 
first referred by him to the MJosasauria (12).* As will be 
seen on comparing figs. 6, 9, and 10, this fossil presents 
decided approximations to Lytoloma, there being however dis- 
tally more suggestion of distinetly oceanic types. 

The humerus of Zoxochelys latiremis figured by Case (4) is 
a suggestive thalassoid form characteristic of the older Che- 
loniide and closely nearing typical oceanic outlines. 


With regard to these two transitional forms, the chelicoid 
and thalassoid, it may be said that they fairly bridge over the 
fundamental differences between the humeri of the existing 
marine and land Zestudinata. The number of complete skele- 
tons is as yet so meager that the facts can only be presented in 
a general way. 

Turtle humeri of intermediate type are common in the Cre- 
taceous of New Jersey, but there is a dearth of knowledge con- 
cerning the forms to which they belong, the collections 
consisting as yet mainly in hopeless fragments gathered from 
the surface by untrained collectors, whose efforts usually result 
in the destruction of the clues to completer specimens. 


The Typical Oceanic, or Thalassic and Parathalassie Humeri. 


The ¢halassic, or form of humerus seen in the living Che- 
loniide, is a widely distributed one and may be considered as 
the true or generalized ocean type. Variations of this form 
are seen in the Protostegidw of Cope (6), and the Desmato- 
chelyide of Williston (19, 20). Cf. figs. 13, 17, 19, and 22 in 
the present text. 


* Leidy has explained in an interesting manner how ata time when the limbs 
of the Mosasaurs were yet unknown, both Cope and himself, as well as Agassiz, 
had mistakenly concurred in a belief in the Mosasauran character of this fossil 
(13). Cope was, however, the first to refer to its Testudinate nature under the 
name Protostega tuberosa (6). While the type specimen has not been seen by the 
writer, there 1s no suggestion that this humerus is not Testudinate and natatorial 
in character. Baur has said that it cannot belong to the Cheloniide (2). Neither 
can it belong to Cope’s Protostegide, nor to A’gassiz’s genus A tlantochelys as finally 
proposed by Leidy (13). Cf. figs. 14-16 and 9 and 10 in text. This humerus 
lacks at the present time a generic name. Necessarily retaining Cope’s species, I 
shall call the turtle to which it belongs Neptunochelys tuberosa. 
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As compared with the preceding or thalassoid form the chief 
variation is seen in the distal retreat of the radial process. No 
distinct approximations to any of the land forms remain. The 
entire development is in an ecto-enteral plane. The strong 
dorso-ventral sigmoid curve, and sharp angle between the 
radial and ulnar crests as seen in the parachelic and chelic 
forms has disappeared. 

This type scarcely shows as much constancy of form as the 
generalized land humerus, but is yet sufficiently uniform to 
raise any fairly well marked differences to generic value. 

Variations of this humerus may very well be illustrated by 
mentioning certain fossil forms. Of primary interest is the 


Fossil Thalassic humeri of nearly related genera derived more directly from the 
thalassoid form. Of. figs. 6, 9 and 10. 


FIGURE 13.—Desmatochelys Lowii Williston, 2 natural size. From Fort Benton 
Cretaceous. Outlined from Williston (20). 

FIGURES 14-16.—Atlantochelys Mortonii Agassiz, x about}. From the Green 
sand of Burlington County, New Jersey. Outlined from Leidy (12). 


historic Atlantochelys Mortonii Agassiz described in 1849 (1). 
Subsequently Leidy referred this fossil humerus, together with 
that of Weptunochelys (Protostega) tuberosa mentioned above, 
to the Mosasauria (12). Later Cope referred it to Protostega 
(6). Finally it was validly rehabilitated by Leidy (13). The 
strongest resemblance of this important form, not before 
sointed out I believe, is to Desmatochelys Lowii Williston 
(20, 21), the main skeletal characters of which are peer 
known. The resemblance is sufficiently close to suggest allied 
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genera. Cf. figs. 13 and 14-16. A complete skeleton of 
Atlantochelys should be diligently sought for. 

The significance of such variations as may be present in 
thalassic humeri is shown by the well known Protostega gigas 
Cope from the Niobrara Cretaceous of Kansas, and the more 
recently discovered Archelon ischyros (mihi, 17-19) from the 
overlying Fort Pierre formation of South Dakota. Both these 
humeri are illustrated in figs. 8 and 17-19 in text. 

While the head and ulnar crest are quite similar in both 
forms, in A. ischyros there is a minor development of the 
radial crest, with a more ental position of the deep ectepicon- 
dylar groove. Or conversely it may be said that there isa 
major development of the ectepicondylar region, obscuring the 


18 


A prominent example of generic variation in thalassic humeri approaching the 
parathalassic type. Cf. figures 20 and 21. Lettering as in figure 1. 


Figures 17 and 18.—Archelon ischyros Wieland, from the Fort Pierre Cretaceous. 
Left outer and inner view respectively, x about +s. 

FIGURE 19.—Protostega gigas Cope from the Niobrara Cretaceous. Left inner 
view x about}. Outlined from Case (5). 


ala-like projection of the radial process as seen in Protostega, 
and leaving the ectepicondylar groove in a more mesial posi- 
tion. Such a difference is fundamental in the thalassan forms, 
and the probability that it will be accompanied by marked 
cranial and other variations is very great. This instance is all 
the more important because of the direct descent of A. tschyra 
from P. gigas (19). 

The Parathalassic HTumerus.—The tinal humeral type to be 
mentioned is the parathalassic seen only in a single living 
example, the most aberrant of sea turtles, Dermochelys. In 
this humerus dorso-ventral curvature of the shaft has wholly 
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disappeared, and there is an extreme retreat of the radial 
process. The ectepicondylar groove of the ¢halassic humerus 
is here deepened into a foramen, it being wholly probable that 
this change has been correlated with the retreat of the radial 
crest in this and preceding forms. It will be noticed that the 
humeri of Protostega and Archelon are not placed in the same 
class with this form. There are only vague resemblances with 
great differences. The peculiarities of the parathalassie form 
may be accentuated by mentioning a most interesting Pliocene 
example seen in Psephophorus scaldi, a turtle which like Der- 
mochelys is provided with an external dorsal and ventral bony 
armor (14). In figs. 20 and 21 it will be noted that anteriorly 
the radial process of Psephophorus is very prominent, while 


Views of left humeri showing intermediate or thalassic position of the radial 
crest and ectepicondylar foramen (groove) in figures 22 and 23, and the extreme 
or parathalassic position in figures 20 and 21. Letters as in figure 1. 

FiguRE 20.—Psephophorus scaldi. From Pliocene of Belgium. Left ventral 
view x about 4. Outlined from Dollo. 

FIGURE 21.—Dermochelys coriacea. Recent. Left ventral view x }. 

FieurRes 22 and 23.—Thalassochelys caretta. Left ventral and ectal views. 

its ventral extension is either disappearing or lacks the strong 

development seen in Dermochelys, only two isolated areas for 

ligamental attachment being present. Chelonian paleontology 

awaits complete knowledge of no more interesting forms than 

the several less known species of Psephophorus. 


Conclusion. 


Whenever it becomes possible to compare an entire series of 
Testudinate humeri and tabulate the results, definite aftirma- 
tion or negation of causes of development and means of adapta- 
tion may be expected. At present only general conclusions 
can be reached, and these be but briefly stated. 
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As a modification of mechanical change the instance of 
responsive variation afforded by the peculiar curvature of the 
humerus to conform to the presence of the carapace and plas- 
tron is impressive. The external armature once developed, 
the humerus seems to have continuously accommodated itself 
to it during all the secondary changes subsequently undergone. 

Much interest too centers in the transitional forms. ‘That 
the gap between the chelic and thalassic humeri must neces- 
sarily have been bridged over by primitive straighter shafts 
cannot be directly aftirmed, however strong such an inference 
at present. For other swimming reptiles with straight humeri 
searcely furnish an explanatory analogy. Such have lithe 
instead of rigid bodies and are provided either with a caudal 
fin or a powerful swimming tail. There are, however, salient 
facts bearing on this point. 

Those turtles which inhabit dry and especially rocky loeali- 
ties present the most specialized land humerus, while species 
of intermediate habits like Chelopus are marked by the gen- 
eralized type of land humerus. In passing however from such 
to the more and more aquatic turtles there is an increasing 
freedom of leg movement. Footings, or the fulera of loco- 
motion, as used by the animal become more and more equally 
distributed about the body and undoubtedly furnish a sufficient 
explanation for humeral straightening in the transitional forms, 
and the fundamental difference in curvature between the 
humeri of the existing slow-moving land and swift-moving 
marine turtles. 

Once having entered salt water, a new course of evolution 
began. The early transitional Testudinates so far as the fossil 
record indicates ‘were mainly of inconspicuous size. They 
were yet to undergo development into large and powerful 
more or less predatory forms invading the ‘high seas. That 
such an evolution required a constantly increasing differentia- 
tion in humeral outline and musculature, is evident. Small 
creatures of varied feeding habits living in quiet waters, taken 
together with the fierce turtles of the Cretaceous seas and the 
huge predaceous Dermochelys sweeping the ocean and baffling 
with its currents and storms, suggest the utmost variation in 
humeral impacts, stresses, and strains. 

The only basis for variant or perfecting leg power is a 
variant or perfecting musculature, and the only support of this 
correlated skeletal modification. The nature as well as the 
extent of such modification in the Zestwdinata will be still 
better understood after a comparative study of the humeral 
myology of the order. It is quite obvious at least that the 
humerus furnishes as readily distinguishable and as important 
characters as the carpus. 
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Art. XLITI.—On the Chemical Composition of Sulphohalite ; 
by S. L. PENFIELD. 


THE rare species sulphohalite was first described in 1888 by 
W. E. Hidden and J. B. Mackintosh* as a mineral of unusual 
composition, a double sulphate and chloride of sodium corre- 
sponding to the formula 3Na,SO,.2NaCl. It was found asso- 
ciated with the then recently discovered hanksite, at the 
famous Borax Lake locality, San Bernardino County, Califor- 
nia. It crystallizes in rhombic dodecahedrons, belonging to 
the isometric system and measuring at times over 30™" in 
diameter. According to information received from Mr. 
Hidden, only a few specimens of the mineral were found. 
Two of these are in the collection of Mr. C. 8. Bement of 


1 


Philadelphia, and one in the British Museum, while the type 
specimen from which material for the original analysis by 
Mackintosh was obtained, was retained by Mr. Hidden. This 
latter specimen has been generously presented to the writer, 
with the understanding that part of it should be used for a 
new analysis and the remainder deposited in the Brush Collee- 
tion of the Sheftield Scientific School. 

Figs. 1 and 2 represent the two specimens in the Bement 
Collection, natural size. The one represented by fig. 1 is a 
rhombie dodecahedron of almost ideal development, slightly 
yellowish in its tone of color, and nearly transparent. A very 
little gangue, chiefly hanksite, and a few small erystals of sul- 
phohalite are the only things attached to this superb crystal, 


* This Journal, III, vol. xxxvi, p. 463. 


QS | 


426 Penfield-—Chemical Composition of Sulphohalite. 


and the specimen can be so held that only small portions of 
these are visible. The second specimen, fig. 2, consists of a 
group of three large and a few small hanksite crystals upon 
which a number of sulphohalite dodecahedrons have grown. 
The figure is merely a sketch, hence it is not to be considered 
as an exact crystal drawing; however, pains have been taken 
to represent the crystals in their proper size and proportions, 
and, for the sake df distinctness, the hanksite crystals have 
been stippled. All of the sulphohalite crystals are distributed 
on one side of this specimen only. 

The writer’s attention was directed to the desirability of 
reinvestigating this species by the following circumstances : 
In January of the previous year, a letter was received from * 
Prof. A. de Schulten of the University of Helsingfors, Fin- 
land, stating that he had repeatedly attempted to reproduce 
sulphohalite artificially, but always obtained sodium chloride 
and sodium sulphate, crystallizing respectively as halite and 
thenardite. As he was unable to obtain specimens of sulpho- 
halite from mineral dealers, he appealed to the writer to make 
if possible a new analysis of the mineral, and, if this should 
conform to the composition as given by Mackintosh, he 
expressed his determination to proceed with his endeavors to 
make the mineral by artificial means. A short time previous, 
in an article entitled “ Die Bildungsverhiltnisse der ocean- 
ischen Salzablagerungen” by J. H. van’t Hoff and A. P. 
Saunders,* reviewed in this Journal,+ the probable non-exist- 
ence of sulphohalite had been set forth. This decision was 
based chiefly upon the failure of these investigators to obtain 
by artificial means a double sulphate and chloride of sodium 
corresponding to the composition as given by Mackintosh, 
their experiments, like those of de Schulten, yielding crystals 
of halite and thenardite. They furthermore endeavored to 
secure sulphohalite specimens from dealers, and two that were 
sent to them proved upon examination to be simply halite. 
Lastly, a request came from Mr. Hidden that the writer should 
make a new analysis of sulphohalite, for the purpose of defi- 
nitely establishing the identity of the species and its chemical 
composition, and the request was accompanied by the gift of 
the precious material. 

The material submitted for examination was part of a rhom- 
bie dodecahedron which must have originally measured about 
30" in diameter. To it were attached several small prismatic 
erystals of hanksite. The sulphohalite material was clear, 
transparent, and homogeneous, and when tested with the polar- 


* Sitzungsberichte der K. Akad., Berlin, 1898, vol. i, p. 387. 
+ Vol. iv, p. 511, 1898, 
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izing microscope it was found to be isotropic. The fracture is 
small conchoidal, and the absence of any distinct cleavage is 
noticeable, thus distinguishing it from halite. The material 
for analysis, after being carefully selected, was crushed and 
sifted to a nearly uniform grain, and separated by means of 
methylen iodide diluted with benzol. Nearly all of the 
material ranged in specific gravity within the narrow limits 
2°493 and 2°506. The average of these determinations, 2°500, 
may be taken as the correct specific gravity, which is close to 
that given by Hidden and Mackintosh, 2-489. The material 
thus separated, when tested with acid, gave no effervescence, 
thus indicating perfect separation from hanksite. A few frag- 
ments, mostly hanksite, which were heavier than the product 
separated for analysis, effervesced with acids, hence failure to 
make a complete separation from hanksite undoubtedly 
accounted for the small percentage of Na,CO, recorded in 
Mackintosh’s analysis. 

After completing the quantitative determinations of Cl, SO, 
and Na,O, the constituents required by the formula as given 
by Mackintosh, a deficiency was noted in the analysis, which 
for a time proved very perplexing, but led finally to the dis- 
covery of another and rather unexpected constituent, namely 
fluorine. In recording the analysis, sufficient sodium has been 
taken to combine with the chlorine and fluorine to form the 
molecules NaCl and NaF, respectively, while the remainder 
of the sodium is given as oxide. 

The results of the analysis are as follows: 


Ratio Calculated for Results of 
2Na.SO,.NaCl.NaF. Mackintosh. 


41°61 42°48 


32°25 


11°97 
9°23 
4°94 


100°00 


The ratio of SO, : Na,O : Cl : F approximates closely to 2 : 2: 
1:1, and since the sodium (Na) recorded is just sufficient to 
unite with the chlorine and fluorine, the formula of sulpholha- 
lite becomes 2Na,SO,.NaCl.NaF. Fluorine was weighed 
as calcium fluoride, and the purity of the product was proved 
by converting it into calcium sulphate. It is interesting to 
note the association of this mineral, having three acid constit- 
uents, with hanksite, which also has three acid constituents, 


SO, 41°79 2°00 
Na,O 32°37 2°00 
K,O 0°10 
Na 11°60 
i Cl 9°10 *256 0°98 a 13°12 
F 4°71 "248 0°95 
Ign 0°15 Na,CO, 1°77 
99°82 
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its composition, according to the investigation of Pratt,* being 
9Na,SO,.2Na,CO,. KCl. “Althongh the presence of ‘fluorine 
in sulphohalite was wholly unexpected and seemed at first sur- 
prising, the occurrence of that constituent in some mineral 
from the Borax Lake locality is not to be wondered at. This 
important deposit of borax has been formed undoubtedly from 
fumerole or solfataric action, and it is well established that 
voleanic gases frequently give rise to fluorine as well as to 
boron, chlorine, and sulphuric acid compounds. 

Probably the name sulphohalite would not have been given 
to this mineral had its composition been correctly determined 
by Mackintosh; however, one would scarcely be justified at the 
present time in assigning a new name to the compound. To 
a certain extent van’t Hoff and Saunders were correct in call- 
ing attention to the probable non-existence of the species, for, 
although the mineral in name and substance had an existence, 
a double salt of the composition 3Na,SO,.2NaCl ascribed to 
sulphohalite is not known, and, apparently, cannot be made by 
artificial means. 

It is needless to speculate as to how Mackintosh, who was 
an experienced and careful worker, made an erroneous analysis. 
His determination of SO, was nearly correct, while that of chlor- 
ine was four per cent too high. In one respect he certainly 
made a decided mistake, namely in not completing his analysis 
by determining the amount of sodium, for, had he done so, 
he probably would have noted a deficiency and this natura!ly 
would have led to the discovery of the missing constituent. 

Mineralogists certainly are indebted to Mr. Hidden for the 
discovery of this exceptionally beautiful and interesting mineral, 
while his eagerness to have the species correctly inv vestigated, 
together with his generosity in supplying the necessary mate- 
rial have enabled the writer to carry on this investigation. 
Thanks also are due to Mr. Bement for the loan of his valu- 


able specimens. 


* This Journal, IV, vol. ii, p. 133, 1896. 


Sheffield Laboratory of Mineralogy and Petrography, 
Yale University, New Haven, March, 1900. 
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Art. XLIV.—Some Phases of the Dakota Cretaceous in 
Nebraska ; by CHARLES NEWTON GOULD. 


[A paper read before the Nebraska Academy of Science, Dec. 1, 1899.] 


NEBRASKA is the home of the Dakota Sandstone. It was 
along the bluffs of the Missouri River opposite Sioux City that 
Meek and Hayden first noticed the ledges of dark brown and 
red sandstone which formed the No. 1 of their now classic 
Cretaceous section of the Missouri River. This was as early as 
1853. The name Dakota is not from the State, but from the 
town of Dakota, the county seat of Dakota County, the north- 
eastern county in the State. The first fossil leaves collected 
by Meek and Hayden were from Nebraska. These were 
dicotyledons, the first of the magnificent series, comprising 
verhaps the most luxuriant fossil flora in the world. It was to 

ebraska that the noted French geologists Capellini and 
Marcou came in 1863 when they made their celebrated collec- 
tion at Tekamah and Black Bird Hill. This collection, figured 
and described by Oswald Heer, the noted Swiss paleobotanist, 
forms the basis of all later Dakota paleobotanic literature. It 
was to Nebraska that Leo Lesquereux, “the Nestor of Ameri- 
can paleobotanists,” came when he first studied the Dakota in 
the field. The type sections and many of the type species of 
fossil leaves from the Dakota sandstone are Nebraska’s. 

Nevertheless, judged from the standpoint of exposures alone 
the Dakota in Nebraska is comparatively insignificant. The 
heavy mantle of Glacial drift and loess which covers the eastern 
third of the State in most places completely conceals the sub- 
jacent formations, including the Dakota. It is only in compara- 
tively small areas where erosion has removed the post-Cretace- 
ous deposits that the Dakota may be seen. Probably the entire 
area of visible Dakota would not cover a single county the size 
of Lancaster, while the country underlaid by this group com- 
prises more than a dozen counties in the east-central part of 
the State. 

The largest single area is south of the Little Blue River, 
near Endicott and Fairbury in Jefferson County, just beyond 
the line of Glacial drift. The second largest is probably Iron 
Mountain, a few miles southeast of Beatrice. With a few 
minor exceptions the remaining outcrops are isolated points 
along the bluffs of Salt Creek, the Platte River below Fre- 
mont, and the Missouri River from Omaha to Ponea. The 
eastern limit so far as known is near the towns of Odell, 
Holmesville, Bennett and Plattsmouth, and the western limit 
near Fairbury, Milford, Seward, Fremont and Ponca. The 
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area of outcrops is about two hundred and fifty miles long and 
on an average thirty-five miles wide, extending crescent-like 
through Fairbury, Beatrice, Lincoln, Louisville, Blair, Teka- 
mah, Decaturand Ponea. Dakota City, from which the group 
was named, is ten or more miles from the nearest bluff. 

For the most part the Dakota in Nebraska consists of rather 
soft reddish brown or gray sandstone, usually in ledges or 
lenses, imbedded between strata of more or less arenaceous 
clay shales. These shales greatly predominate, perhaps in 
most places comprising two-thirds to three-fourths of the entire 
thickness of the formation. In color they are whitish, or 
bluish with many strata of red or brown, caused, as in the 
case of the sandstone, by the presence of iron. The reason 
that the shales are usually so seldom noticed may be accounted 
for by the fact that they weather very readily and their out- 
crops are generally occupied by covered slopes. On the other 
hand, the relatively harder sandstone forms the conspicuous 
bluffs, mesas and escarpments which give to the Dakota region 
its characteristic contour. 

The clays and shales form an important economic phase of 
the Dakota. They have been excavated at several localities in 
the State, furnishing an excellent quality of brick, tile, ete. 
Endicott, Beatrice, Lincoln and Louisville in Nebraska and 
Sioux City and Sargeant’s Bluff in Iowa are points from 
which clay for this purpose has been obtained. As the supply 
is practically inexhaustible and the quality exceptionally good, 
the Dakota clays promise to become an important economic 
factor. 

The sandstone is used for building purposes in a number of 
localities in the State. The entire line of outcrops from Sioux 
City to Kansas may be traced by the brown sandstone founda- 
tions of houses and outbuildings. As a general rule, however, 
large buildings are not constructed of the Dakota sandstone, 
although at Endicott, Beatrice, Louisville and other places 
these may be found. The reasons for this are twofold ; first, 
the Permian or Carboniferous limestones, which are exception- 
ally fine building material, are nowhere far distant; and 
second, the Dakota itself is not, as a usual thing, a first-class 
stone for building purposes. Representing all degrees of hard- 
ness from loose sand scarcely cemented together to the hard 
brittle ironstone concretions, it is usually too soft to withstand 
erosion or too hard to be dressed. Ledges yielding suitable 
building stone are comparatively rare. 

At least one locality in the State furnishes a ledge of Dakota 
which is quite unique. About five miles northwest of Fair- 
bury, Nebraska, on Whiskey Run, near the home of Mr. 
Oberhelmen, is a ledge some three feet thick of an extremely 
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hard, fine-grained, quartzitic sandstone. The color is light 
gray becoming reddish on exposure. This quartzite contains 
an abundant dicotyledonous flora, also some conifers, probably 
Sequoia. The ledge is quarried and makes an excellent. build- 
ing stone, but it is in bad repute among local stone masons, 
because of the fact that it is too hard to be dressed. It differs 
from anything seen elsewhere in the State except somewhat 
similar ledges’ found near the old mission on the Omaha Reser- 
vation and. along the bluffs to the north, although quartzite 
bowlders similar in character are found in Saline and MePher- 
son counties, Kansas. 

Another feature of the Dakota in Nebraska may be observed 
along the Platte River near Louisville and Cedar Creek. The 
lowest formations here exposed are the Upper Carbonifer- 
ous limestones and shales. Upon these the Dakota rests uncon- 
formably and the whoie is covered as elsewhere by the loess 
and drift. The pre-Cretaceous erosion was not only very con- 
siderable but also very irregular. The hills of the old Carbon- 
iferous rocks upon which the Dakota was deposited were prob- 
ably higher and the hollows deeper than those in the same 
region to-day. It was in one of these eroded hollows, proba- 
bly the bed of an ancient Dakota river, that there was depos- 
ited an immense amount of coarse sand and gravel. This 
forms the gravel pits near Cedar Creek and Springfield. 

In the eravel bed a mile west of Cedar Creek a typical 
’ exposure may be seen. A spur from the B. & M. railroad 
runs along the base of the hill up to the quarry. The lower 
fifteen or “twenty feet consist of an extremely hard conglom- 
erate usually cross-bedded. The pebbles composing this con- 
glomerate are smooth, water-worn, usually white or yellowish 
quartz. They vary from the size of a walnut to a very fine 
sand. This part of the ledge is not quarried, but forms the 
floor of the portion above, which is removed. 

The upper part consists of similar material with the impor- 
tant difference that it is much more loosely cemented. The 
pebbles are usually somewhat smaller and there are some 
layers of rather fine sand and occasionally the characteristic 
ironstone concretions which are always present in the Dakota. 
This second member is thirty to forty feet thick and is exca- 
vated for nearly a quarter of a mile along the side of the hill. 
In many places it is so loosely cemented that it is removed 
with a team and scraper, not even a plow being necessary to 
remove the material. The gravel is used for railroad ballast 
and the conglomerate, known locally by the expressive name of 
“peanut rock,” is employed as riprap and filling material for 


bridges. 
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A number of fragments of fossil wood, including a limb 
some three feet in length, were found in the quarry, but no 
leaves have so far been discovered. 

If our theory that these gravel beds represent an ancient 
river bed be correct, it is not difficult to understand that the 
conditions would have been favorable for the preservation of 
wood, and not for that of leaves, the latter requiring still- 
water lakes and lagoons for perfect preservation. Besides, the 
principle first enunciated by Leo Lesquereux, that conditions 
which preserved leaves rarely preserve wood, and vice versa, 
has almost become an axiom in phytopaleontology. 

Above the gravel and sand is the line of Drift bowlders sur- 
mounted by the characteristic loess. This gravel bed has been 
described as belonging to the Glacial age. It is incompre- 
hensible that any one, who knew anything of the geology of 
the State of Nebraska and who had given the locality five 
minutes consideration, could place it elsewhere than in the 
Dakota. 

Perhaps the most important phase of the Dakota, from an 
economic standpoint, is the water supply. This formation is 
characteristically a water-bearer. From Oklahoma to Minne- 
sota along the entire line of outcrops are thousands of springs 
of soft water. This is especially fortunate in view of the fact 
that the region of the sandstone is particularly adapted to graz- 
ing. It almost never occurs that a pasture in the Dakota 
country is without a spring, and more often half a dozen will 
be found on a quarter section. Often these are of sufficient 
strength to supply running streams. If this is not the case, 
the stockmen usually pipe the water into tanks in the field or 
feed lot. In not a few instances the water from a Dakota 
spring is piped half a mile or more, through the house, and 
into the barn lot, furnishing an inexhaustible supply for all 
purposes. Some of the most important of these springs in 
Nebrask: are Case’s and Price’s springs near Endicott; Rob- 
inson’s spring, four miles southeast of “Beatrice, and the hun- 
dreds along the bluffs of the Missouri River from Omaha to 
Ponea. These may be seen everywhere along the celebrated 
bench road at the foot of the bluffs. Golden spring, between 
Tekamah and Decatur, runs a stream half as large as a man’s 
body, and numerous others are nearly as large. 

A formation which yields such springs could scarcely fail to 
furnish good wells, and such is the case with the Dakota. 
Wells begun in the superjacent strata usually find an abundant 
supply of water when they reach the sandstone. The prob- 
lem of water supply of eastern Nebraska is easy of solution, 
if one hasasa key, a knowledge of the Dakota sandstone. 
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The origin of Dakota water is a mooted question. Some 
authorities look for the source of supply in the Dakota out- 
crops along the eastern slope of the Rocky Mountains. They 
would consider the water artesian, and argue that deep wells 
over the central part of the State should tap this supply and 
furnish artesian water. This theory seems quite tenable, but 
in practice it remains to be proven. That it will not account 
for all Dakota springs is demonstrated by the fact that in 
several instances some of the best springs issue from isolated 
buttes, cut off by erosion from the main body of the Dakota. 
It seems more probable that much of the water supply comes 
from local rainfall, although until the artesian theory is either 
proven or disproven we may well continue to look farther 
away for a part of the supply. 

The most interesting point connected with the Dakota, from 
the standpoint of pure science, is of course the fossil] leaves. 
Few formations in the world have yielded so many species. 
Of the nearly five hundred forms known to exist, Nebraska 
furnishes a large per cent. Numerous localities are known to 
yield leaves. The best collecting ground so far discovered in 
Nebraska is five miles south of Endicott, Jefferson County, 
and near Decatur, Burt County. Very little systematic work 
has been done on these leaves for a number of years, but at 
the present time the collections of the past summer are being 
studied in the department of Geology in the University of 
Nebraska, and it is expected that a detailed report on the 
subject will shortly be published. 
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Art. XLV.—The Geothermal Gradient in Michigan; by 
ALFRED LANE. 


1. A WELL has recently been sunk in Bay City to the depth 
of 3,508 feet. I have had various tests made, and a man 
watching it most of the time. The temperature tests were 
made with Green’s self-registering maximum thermometers 
by Prof. C. A. Davis, of Alma College, resulting as follows: 


No. of instru- Calculated 

Depth. Reading °F, Time Exposed. ment. Temperature. 
3,455 97° 8 hours 5688 97°3° 

90°1° 1 hour 5688 20 
2,9: 89°48 
1 90°2° 5690 f 

9.939 30 minutes 5688 

177° 5690 | 

1,793 3” 50 minutes 4708 72°37 
1,304 65°° 1 hour 4708 65°03 


It is to be regretted that all the work could not be done with 
one thermometer, but two were lost by accident. Still we 
have some valuable results. 

The average mean temperature of Bay City* is about 45°5° 
and in the early salt well at Saginaw, only ten miles away, a 
strong flow of slightly saline water had the temperature of 
47° at a depth of 102 feet, at 293 feet the temperature of the 
flow was 50°, at 531 feet 51°, at 617 feet 54°. These latter data 
agree in pointing to a mean surface temperature of 45°5° with 
an error of not more than half a degree. We obtain then, for 
the mean gradient to 3,455 feet, 1° F. in 67-07 feet or very 
nearly 3° F. in 200 feet, or 1° C. in 36°8 meters. We can 
very nearly express the gradient by the formula 0°015(d—102) 
=t—47, (7) being the depth in feet from the surface and (¢) 
the temperature Fahrenheit, and from this formula the last 
column of the table is calculated. 

It will be noticed that while the agreement with the formula 
is close at 3,455 and 1,304 feet, at 2,282 and 1,793 feet the 
observed values are low, which result seems to be a sign that 
at those depths the thermometers were not left down long 
enough. 

Let us compare with other points. The temperature of the 
Midland brine from a depth of 1,205 feet has a temperature 
of 62°5° F., which agrees exactly with a gradient of 1° F. in 
67 feet from a mean surface temperature of 44°5° F., which is 
that of the place. 

The Alma well temperature of 98° at 2,863 feet gives a 


* See Water Supply paper No. 30, U. S. G. S., Fig. 4. 
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higher gradient, but the chances are it was taken with a ther- 
mometer not reliable, and perhaps before the heat of drilling 
had been dissipated. In case of the Bay City well the well 
had been idle from January 18 to April 13, 1900, the date of 
the tests, and had gradually filled with a strong heavy brine 
which was slowly leaking in from the bottom measures when 
they stopped. 

At Alpena flowing wells drawing their supplies, probably, 
mainly at 698 to 711 feet, and certainly below 588 feet, 
have a temperature of 53°. The mean surface temperature 
is about 42°, and the gradient about the same. 

At Frankfort two wells with strong flows giving off H,S 
freely, the one 2,200, the other 1,800 feet deep, have tem- 
_peratures of 56° and 54° F. respectively, but the water is said 
to come in about 800 feet down. There are reasons for believ- 
ing that the water comes from the Corniferous, and it is pretty 
certainly not from the drift and must come more than 570 feet 
down. The mean annual temperature is about 44°, so that the 
gradient isa little less than heretofore, probably about 1° in 
80 feet. 

The gradient thus indicated is much lower than that found 
by Darton, but quite comparable with those found by W. 
Hallock in the Wheeling boring in similar strata. 

2. If, however, we turn to the Upper Peninsula we have a 
region notorious for its low thermal gradient. I will not try 
to summarize all the data collected by Wheeler, Agassiz and 
others, but merely say that around Calumet from a mean sur- 
face temperature of 40° F, the temperature rises to about 
84° F. at 4,400 feet, almost exactly 1° F. in 100 feet.* This 
gradient is probably not confined to the Copper Country. 
Some not very accurate tests which I made in the Vulean Mine 
on the Menominee range (with a cheap thermometer, after- 
ward compared with a better) gave 56° at a depth of 1,210 
feet. A heavy flow of water (as P. Larrsen, C. E., informed 
me) 80 to 90 feet below surface was at 44° F. This gives a 
gradient of 1° in 94 feet. 

3. The causes of the low gradient of Keweenaw Point have 
been discussed, and various expl: mations of variation of gradi- 
ent suggested, at which we will glance, although I do not think 
we can decide until Darton has finished his work upon the 
thermal gradient all over the United States, which is the most 
pertinent. We may, however, throw out some explanations as 
incorrect, and we can confirm also the acute observation of 
Darton that the gradient is lowest over the older rock. 


* Any data widely different from this are locally affected and not to be used. 
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4. Appeal has been made to the cooling effect of Lake Supe- 
rior on the flanks of the Copper Range. 

But draw a section across the point to true scale. Then 
remember that the bottom of Lake Superior is barely two 
degrees cooler than the mean temperature of Calumet. Con- 
sider that B. O. Peirce* has shown that in a disk six to ten 
times as broad as high, any change of temperature on the sides, 
so long as they are ‘between the constant temperatures of the 
top and bottom, will hardly affect the axial temperatures. We 
shall be convinced that this is not an efficient explanation. 

It has been assumed that the very low geothermal gradi- 
ent was the normal one and the higher due to local chemical 
action, oxidation of pyrite, ete. But we should expect in such 
case sharper local irregularities from bed to bed than we have, 
and if oxidation of pyrite, or gas, or oil, were the causes of high 
gradient, there is no little of both in the Lower Peninsula of 
Michigan. 

6. The effect of deposition as such would be to depress a 
given temperature below the surface and lower the gradient, 
and that of erosion to raise it. But the lower gradients are in 
rr of erosion rather than of recent or great deposition. 

. I have seriously considered the possibility that the refrig- 

wlion of the ice age was still perceptible. If for instance 
the mean annual temperature during the ice age was 18° F. at 
Calumet for a very long time, so that the gradient was adjusted 
to that temperature even down to a mile or more, then for a 
gradient of 3° in 200 feet the temperature would become 84°. 
Then if at the end of the ice age, so recently that the surface 
change of temperature was still unfelt a mile below, the mean 
annual temperature rose to 40° F., the gradient w ould be only 
what it is now,—1° F. in 100 feet. It would be very interest- 
ing if we could find the cause of the abnormal gradient here, 
for we could then compute the time since the ice age. Unfor- 
tunately lines of equal geothermal gradient are not, as this 
theory would require, parallel to the successive lines of the 
retreating ice front (?). 

8. Prof. B. O. Peirce suggests that an inclined band of very 
conductive rock might lead the heat off along it sideways and 
thus make very low gradients along it. This was in informal 
talk with me. For instance, the iron-bearing series might be 
supposed to underlie the copper-bearing series, and lead ‘off the 
heat under the bottom of the lake, ‘where it might be dis- 
sipated by convection. Unfortunately like so many previous 
suggestions, the facts we have now to study do not support 
this suggestion. A cross section to true scale must be used. 


* Proc. Am. Acad. of Art and Sciences, Aug. 1898, p. 1 
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9. Differences in conductivity may be appealed to to account 
for differences in gradient. We shall have a low gradient in a 
good conductor above a poor conductor, and a high gradient 
in a poor conductor above a good conductor. Water is a 
poorer conductor than most rocks. Air is vastly poorer. Hence 
the less porous the rock the better the conductivity, other 
things being equal. 

I trust we may soon have data as to conductivity which will 
enable us to test the possibilities along this line better than we 
can at present. It seems likely that the younger rocks are in 
general Jess condensed, more porous, and on the whole poorer 
conductors than the older rocks, especially the crystallines. 
We might therefore expect that Keweenaw Point and the 
Archean area of the Upper Peninsula, where heat had been 
allowed to escape more freely from a very early date through 
more conductive rocks, might show a lower gradient than an 
area in which the rocks were not so conductive. 

Inasmuch as the gradients are inversely proportional to the 
conductivity, and Peirce’s experiments show that whereas 
marbles vary in conductivity from 0-005 to 0°007, glass has a 
conductivity of 0°002 to 0-003, and the difference in condue- 
tivity amounts to about a fifth between wet and dry rock, we 
have here not only a true cause of different gradients, but one 
that may well be effective, well worthy of farther experimental 
study. 

The next two suggestions may be considered as variations 
on the same theme, in which, however, the flow of heat is not 
molecular, but in a larger way, the net effect being the same. 

10. Cireulating waters are known to be a factor in affecting 
heat gradients, as the Comstock Lode. In particular at the 
center of an artesian basin like that of Lower Michigan, the 
tendency will be for water to work up by joint planes, or any 
other crevices. If it emerges hot it may naturally produce a 
steep gradient above it, if it assumes an oblique course ; but on 
the other hand, so far as such waters act in exhausting the 
stores of heat from below, they would serve to increase the 
conductivity of the strata as a whole, so that any local increase 
in gradient must be more than compensated for by a lower 
gradient elsewhere, and this would be particularly on the ele- 
vated margin of the artesian basin where the water was taken, 
and down which it worked. 

The effect of the agency just described is, however, limited 
by the rapidity of the circulation, and while the structure of 
Keweenaw Point and some things about the alteration of the 
rocks favor the idea that downward circulation of water is the 
cause of the unusual coolness, on the other hand there is very 
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little water in the deep mines. Darton’s researches may throw 
light on this. 

11. The transmission of heat by igneous rocks is different 
from that by water in that they do not first work down, being 
slowly heated up. Igneous intrusions will produce, or tend to 
produce, steeper gradients in rocks overlying them, and igne- 
ous outbursts or intrusions will produce lower gradients in the 
rocks through or over which they work. When, however, the 
igneous rock has cooled off so as not to be above its environ- 
ment perceptibly, then the whole series will have temperatures 
lower than normal, owing to the freer and more rapid loss of 
heat thereby. 

This seems to me worth considering. Both Keweenaw 
Point and the Vulcan Mine are in regions in which there was 
intense volcanic activity in the dawn of the earth’s history, so 
long ago that the local volcanic heat may be supposed to be 
entirely dissipated. But much heat must have been thereby 
taken from beneath. Hence the rate of increase should be 
low, as it is. The Lower Peninsula is not known to have any 
trace of volcanic activity. Hence its thermal gradient should 
be more nearly normal, as it is. For instance, it is nearly in 
accord with Hallock’s West Virginia* observations. Any 
gneiss of the original crust should have a higher gradient, 
according to this theory, than any old cooled off granite massif. 

In conclusion, it seems likely that among the three causes 
($$ 9 to 11) which seek the cause of low gradients in a more 
‘apid conduction or convection away of the heat of the earth 
from the interior, the efficient causes of varying geothermal 
gradients will be found. 


* School of Mines Quarterly, xviii, Jan, 1897, p. 148. 
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Art. XLVI.—TZhe Production of the X-Rays by a Battery 
Current ; by JOHN TROWBRIDGE. 


I HAVE lately completed the installation of a plant of twenty 
thousand storage cells in the Jefferson Physical Laboratory. 
This gives me over forty thousand volts and a comparatively 
steady current through a large resistance. One of the most 
interesting questions in relation to this battery was the possi- 
bility or impossibility of producing the X-rays in an efficient 
manner by means of it. This question has been answered in 
the affirmative, for the rays are produced with the greatest 
brillianey ; and it is possible to take photographs of the usual 
subjects which lend themselves to this method of study. The 
negatives show great contrasts and there are traces of shadows 
of the ligaments and the muscles. 

The great advantage of this new method of generating the 
rays is in the possibility of regulating the current and the dif- 
ference of potential which is necessary to excite the rays; this 
is not possible by any of the other methods in present use. 
When the X-ray tube is first connected to the battery termi- 
nals no current flows; it is necessary to heat the tube with a 
Bunsen burner. At a certain critical temperature the tube 
suddenly lights with a vivid fluorescence and when the anti- 
cathode glows with a cherry red the rays are given off with 
great intensity. I employed a distilled water resistance of 
approximately four million ohms in direct cirenit with the tube. 
The current, therefore, was not more than three or four 
milliamperes. It is an interesting spectacle to see the tube 
glowing in such a brilliant and noiseless fashion. 

Since such a large resistance was necessary with the use of 
forty thousand volts, it seemed possible to produce the rays 
with fewer cells. Indeed there is no difficulty in exciting 
them brilliantly with twenty thousand cells; and I see no 
reason why they cannot be generated by a much smaller num- 
ber if a suitable tube is obtained. 

Since I employed four million ohms in cireuit with the 
X-ray tube, it is evident that there were no electrical oscilla- 
tions through this circuit. What is needed for the efficient 
production “of the rays is evidently a current in one direction ; 
a current moreover of sufficient strength to raise the anti- 
cathode to a cherry red. When the anticathode rises to a 
white heat the resistance of the tube falls to such degree from 
the gases which are set free from the terminals and the walls 
of the tube that the rays are enfeebled. This change of resist- 
ance in the tube is a most important phenomenon. It is evi- 
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dently produced by the outcoming of gases which have been 
occluded in the metallic terminals and on the glass walls of the 
tube. Dr. Rollins of Boston has lately described in the Elec- 
trical Engineer what seems to me a crucial experiment in this 
connection. Two Rontgen-ray tubes of the ordinary focus 
plane pattern were joined together by a cross connection which 
was at right angle to the axes of the tubes. The arrangement 
thus constituted a double X-ray tube. This was exhausted to a 
high degree; the same degree of rarefaction was present in 
both tubes. One of the tubes was then heated until a differ- 
ence of potential competent to produce a spark in air of an 
inch excited the X-rays with great brilliancy; at the same time 
a difference of potential giving a spark of eight inches could 
not excite these rays in the other connecting tube ; the same 
degree of vacuum, so to speak, existed in both tubes. The 
phenomenon of the occlusion of gases seems to be the control- 
ling one in the production of the rays and not the degree of 
exhaustion. With the steady battery current one can ~ watch 
this phenomenon to great advantage. When the tube is heated 
to a certain critical temperature a blue cloud proceeds from one 
anode and is met by the cathode beam from the cathode. If 
the strength of the current is then gradually increased by 
diminishing the resistance in the circuit this blue cloud fills 
the entire tube and the anticathode grows white-hot and the 
X-rays cease to appear. When the current is diminished the 
anticathode sinks to a cherry red, the blue cloud contracts and 
sinks into the anode and the X-rays come out with great bril- 
liancy. The disappearance of the blue cloud betokens a rise 
of resistance in the tube; for the glow on the anticathode 
grows less and less, and presently if the current is not increased 
the tube is completely extinguished and a reheating is neces- 
sary. 

A steady battery current with an adjustable liquid resistance 
is indispensable, I believe, if we wish to study the best con- 
ditions for producing the rays. A storage battery of forty 
thousand volts enables me to try a wide range of voltage and 
current strength ; moreover the radiant point “of the 1 rays is less 
likely to produce ghosts. The tubes glow in a perfectly steady 
way and the degree of excitation of the rays seems to be under 
perfect control. The phenomenon of occlusion in an X-ray 
tube having such an important bearing on the subject of the 
passage of | gases through a rarefied space, I was interested to 
trace the phenomenon from a pressure one or two millimeters 
up to the X-ray stage. I used for this purpose an end-on tube 
of a peculiar construction. One end of the tube was blown 
out into a thin bulb throngh which the X-rays could be 
observed ; it was possible to heat this tube strongly so as to 
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produce a high state of exhaustion ; and, moreover, this form of 
tube was very useful in studying the electrical discharge by a 
spectroscope. When the tube was exhausted to the stratified dis- 
charge stage and was connected to the terminals of the battery, 
the intensity and form of the stratifications could be changed by 
increasing or diminishing the strength of the battery current ; 

when this current was increased a blne discharge in the form of 
a stratification detached itself from the anode and joined the 
stratifications in the narrow portion of the tube. This process 
could be repeated until there appeared to be formed a species 
of stationary wave due apparently to the liberation of gas 
from the anode meeting a cathode liberation. When the 
strength of the current is diminished the stratifications dis- 
appear in the terminals; more noticeably in the anode than 
in the cathode. This process can be traced to the X-ray 
stage. Since there is no electrical oscillation in the cir- 
cuit; for I had several megohms in circuit, the molecular 
theory of bombardment together with the phenomenon of 
occlusion seem to be most important. The end-on tube which 
I employed was filled with hydrogen obtained by electrolysis 
from phosphoric acid and distilled water. The gas was passed 
through caustic potash and phosphoric pentoxide. Hittorf’s 
resistance of iodide of cadmium in amyl alcohol will undoubt- 
edly be better than distilled water in quantitative experiments. 


Jefferson Physical Laboratory, 
Cambridge, May 15. 
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SCIENTIFIC INTELLIGENCE, 


I. CHEMISTRY AND PuysIcs. 


1. On Krypton, and its place in the Periodic Series.—Import- 
ant results in regard to the new gas, krypton (this Journal, ix, 
62) have been recently announced by A. LapEnsure and C. 
Kruecert. From 850 liters of liquid air they obtained 3 liters 
of evaporated residue in two Dewar flasks, which afterwards col- 
lected in large gasometers, produced 2300 liters of gas. This 
gas was freed from oxygen by passing over red-hot copper, and 
the nitrogen was removed from the remaining 120 liters by the 
method mentioned by Rayleigh and Ramsay for the isolation of 
argon. The last portions of the nitrogen were oxidized by spark- 
ing with surplus oxygen over soda-lye, and the remaining oxygen 
was absorbed by pyrogallol and soda. Three and a-halt liters of 
dried gas were finally obtained, which were condensed in liquid 
air to a colorless liquid containing a small number of floating 
colorless crystals. By fractional evaporation, between the tem- 
perature —189° and —147°, several residues were obtained. 
These proved to be mixtures of argon and krypton, except the 
last, which was a crystalline body melting at about —147°, and 
giving a strong krypton spectrum in which the lines D, (586-9up) 
and the green line (558*lyu) were brilliant, like hydrogen lines. 
A careful study of the spectrum led to the conclusion that the 
substance was nearly pure krypton containing very little argon ; 
the fact of its being a crystalline body also shows that it was 
probably not a mixture. The density obtained was 58°8, and it 
is inferred that the new group of elements in air should be placed 
before Group I in the Periodic Series, as follows: thus He (= 4) 
before lithium; Ne (= 20) before soda; A(= 39) before potas- 
sium; and finally Kr (= 59) before copper.— Berlin Acad. Sci. ; 
Chem. News, \xxxi, 205, May 4, 1900. 

2. A new Sulphide of Arsenic.—ALEXANDER Scotr shows 
that if a dilute solution of arsenic acid be mixed with a small 
amount of phosphorus trichloride, and later sulphur dioxide be 
poured in, after a certain length of time a dark brown precipitate 
is obtained, which on analysis proves to be a sulphide of arsenic 
having the composition As,S. This requires 12°45 per cent of 
sulphur. Analyses of different samples gave 12°7 to 13°6 per 
cent, the excess being due to the difficulty of removing every 
trace of the arsenious sulphide present. The behavior of this 
substance proved conclusively that it was a definite compound 
and not a mixture. It is insoluble in solutions of ammonia or 
colorless ammonium sulphide, but dissolves rapidly in yellow 
ammonium sulphide, and from the solution, arsenious sulphide is 
precipitated on the addition of excess of hydrochloric acid. Heat 
resolves it into realgar, which sublimes, and arsenic, which 
remains behind. It was at first supposed to be identical with the 
black sulphur of Berzelius, but this contains only 4°33 per cent of 
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sulphur and corresponds to the formula As,,S.—/. Chem. Soc., 
Ixxvii, 651, May, 1900. 

3. Relative rates of Effusion of Argon, Helium, and som 
other gases.—Prof. Ramsay and Dr. Collie have found that 
argon and helium diffuse through a plug into a vacuum with 
velocities which are higher when compared with a standard gas 
such as oxygen, than those calculated according to the law of the 
inverse square root of the density. F. G. Donnan seeks to ascer- 
tain the relative rates of flow of these gases through a small hole 
in a thin-walled partition. The results obtained were as follows : 

(1.) Argon is found to effuse, when compared with oxygen, 34 
per cent faster than as calculated by the law of the inverse square 
root of the density. This result is independent of any masking 
effect due to viscosity. 

(2.) This result is in qualitative agreement with the adiabatic 
theory of the efflux of ideal gases, and is, if this may be granted, 
a confirmation of the high specific-heat ratio of argon. 

(3.) When the viscosity effects are eliminated or allowed for, it 
is found that hydrogen, exygen and carbon monoxide effuse rela- 
tively in the manner predicted by the theory for ideal gases pos- 
sessing the same, or nearly the same, specific-heat ratio. 

(4.} Carbon dioxide, when compared with oxygen, appears to 
effuse about 1 per cent faster than is calculated from the densi- 
ties. This result is not in accordance with the adiabatic theory 
of the efflux of ideal gases. 

(5.) The results obtained for helium are not uniform, and are 
affected by a viscosity correction depending on an empirical 
formula. They are sufficient, however, to show that the behavior 
of helium is unlike that of argon—a result which is not foreseen 
by theory. 

(6.) If account be taken of the deviation of ordinary gases from 
the ideal laws, it is possible to obtain an expression for the efflux 
which contains a correction term involving the constant K of 
the Joule-Thomson effect. 

(7.) The sign of this correction term shows that a real gas will 
effuse more rapidly or more slowly than an ideal gas of equal 
density and specific heat ratio according as K is positive or nega- 
tive. 

(8.) The suggestion is made that possibly the anomalous results 
obtained with carbon dioxide and helium may be thus explained. 
The deviations of the observed results from the results calculated 
for an ideal gas are, in the case of CO,, in qualitative accordance 
with the theory proposed. In the case of helium they would be 
so if that gas possessed a negative K.— Phil. Mag., May, 1900, 
pp. 423-446. J. T. 

4. Transmission of the radiations of Radium through bodies.— 
In the course of an investigation on this subject H. Becquere. 
shows that the absorption of these radiations increases with the 
distance of the absorbing body from the source of the rays. The 
absorption is doubtless due to the air path.— Comptes Rendus, 
April 9, 1900, pp. 979-984. J.T. 
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5. The new Radio-active Substance, Actinium.—A. DEBIERNE 
gives a detailed account of his method of extracting this sub- 
stance from pitchblende. The new substance produces fluores- 
cence, photographic impressions, ionization of gases.— Comptes 
Rendus, April 2, 1900, pp. 906-908, 5. & 

6. Influence of temperature on the potential-fall in rarefied 
gases.—An important paper on this subject by G. C. Scumipt 
gives a detailed account of the methods of work and the appa- 
ratus. The Geissler tubes were excited by a storage battery of 
1000 cells, the current of which was regulated by a liquid resist- 
ance, The following results were obtained : 

(1.) Both at constant pressure and with constant gas density, 
the unstratified light breaks up into stratifications with increas- 
ing strength of current, and with higher temperature and strong 
current the positive light retreats to the anode and finally the 
discharge becomes dark. 

(2.) With increase of temperature of the anode the Glimm- 
licht extends farther and farther with small pressures. The 
increase of temperature has the same effect as increase of current 
strength. 

(3.) The gradient in the positive light portion of the tube is 
independent of the cathode fall. 

(4.) The gradient in the positive unstratified light with con- 
stant gas density, independent of the temperature. 

(5.) With heating under constant pressure the gradient dimin- 
ishes in the positive unstratified light and more slowly than the 
gas density. 

(6.) The cathode fall is, so long as the cathode is still not 
wholly covered, and is not heated to a white heat, independent of 
the temperature. 

(7.) If the current is increased, after the cathode is already 
wholly covered, the cathode potential increases, and in proportion 
with the current strength. 

(8.) With increasing current strength the gradient increases 
with the dark discharge. 

(9.) With constant gas density the gradient increases with the 
temperature at the state of dark discharge. 

(10.) With constant pressure the gradient diminishes with the 
temperature during the dark discharge. 

(11.) The gradient diminishes from the anode to the cathode 
during the dark discharge ; and it is nearly proportional to the 
distance from the cathode. 

(12.) With increasing temperature the whole potential dif- 
ference between the electrodes diminishes at first slowly and then 
quickly. It reaches a minimum and then begins to rise. 

(13.) The minimum of the potential lies with one and the same 
tube at so much the lower temperature as the initial difference of 
potential is lower. 

These results have an important bearing on the conditions of 
excitation of X-ray tubes.—Ann. der Physik., No. 4, 1900, 625- 
647, J. T. 
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7. Les Sucres et leurs principaux Dérivés; par L, Maquenne, 
Prof. au Museum @’ Histoire Naturelle. Pp. 1032. Paris, 1900 
(Georges Carré et C. Naud, 3 Rue Racine).—The most important 
data relating to the classification, constitution and properties of 
the various sugars are lucidly and very exhaustively presented in 
this work, which is a real contribution to the literature of the 
ae interesting material it discusses. E. F. 8. 

A Text-Book of Physical Chemistry ; by Dr. R. A. Leu- 
FELDT, Prof. Physics at the East London Technical College. 
London, 1900 (Edward Arnold, 32 Bedford street).—Within 
the compass of three hundred octavo pages the author has pre- 
sented the facts of his subject in a clear and concise manner ; 
giving to the student what he may usefully read, as well as a 
store of information which will be heartily weleomed by him if 
he is at all interested in the “ rise of the science as an independ- 
ent subject.” E. F, S. 

9. Lexikon der Kohlenstoff- Verbindungen; von M. M. Ricn- 
Ter. Hamburg und Leipzig, 1900 (Verlag von Leopold Voss). 
—The attempt is made in this volume, which gives the empiric 
formulas of 67,000 derivatives of carbon, to combine the ele- 
ments successively in the frequency of ‘their oceurrence with 
carbon, as follows: H,O,N; Cl, Br, I, F; 8, P; all others being 
placed in alphabetical order: A-Z. The arrangement is based 
primarily on the number of carbon atoms, and then on the num- 
ber of elements which are present with carbon in the compounds, 
It is believed that this arrangement will aid very materially the 
research student and others who are frequently obliged to ascer- 
tain quickly and briefly the characteristics of, and to examine the 
literature relating to, any one carbon derivative. It is certain 
that the author’s comprehensive compilation will be highly appre- 
ciated by every chemist. E. F. S. 

10. Jenaer Glas und seine Verwendung in Wissenschaft und 
Technik ; von Dr. H. Hovestapr. Pp. 429, 8vo. Jena, 1900 
(Verlag von Gustav Fischer).—This considerable volume is a 
compendium of nearly all that has been written concerning the 
history, physical and chemical properties, and applications of the 
famous products of the glass manufactory of Schott & Co. of 
Jena. Most of its contents has already appeared in various 
journals and proceedings of learned societies, but a eollection of 
this work into a single volume not only renders it far more con- 
venient of access but it must come to all readers as surprisingly 
fresh and, above all, surprisingly extensive. 

A brief notice of the chapters which deal with questions not at 
all, or but remotely, connected with optics may conveniently pre- 
cede a somewhat fuller review of the achievements which the 
new glasses have rendered possible to the practical optician. 

Chapters vit and vii are devoted to the mechanical and thermal 
properties of glasses. Their topics range from questions of 
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density and elasticity to a consideration of the choice of materials 
for various commercial uses. Chapter 1x treats of thermal and 
elastic alterations which depend upon the recent history of the 
substance in question ; this includes a discussion of the best 
materials for thermometers, a field in which, as is well known, 
extraordinary improvement has been attained. Chapter x is 
given to the chemical behavior of the surfaces of the various types 
of glass. Chapter x1 contains a discussion of the electrical and 
magneto-optical properties of glasses, including a description of a 
glass designed for maximum transparency for Réntgen rays. 
Turning to the portion which treats more particularly of opti- 
cal questions, we find in the first chapter an interesting history of 
the investigations undertaken by Dr. Schott with the direct aim 
of exhausting all possible means for varying the range and 
improving the properties of optical glasses. This is followed by 
chapters reviewing the uptical constants of the large number of 
products thus secured ; treating of the history and advantages of 
Abbe’s remarkable invention of the apochromatic microscope ; 
the improvements in the photographic camera objective directly 
consequent on the enlarged range of materials at the command of 
the modern optician, and, finally, in Chapter v1, the general dis- 
cussion of telescopes. In the last a description of the successful 
application of Porro’s ingenious invention of the inverting prism 
to binoculars by the Zeiss firm is of interest; but undoubtedly 
the scientific optician will turn with the liveliest interest to that 
section which treats of the promise of improvement of the astro- 
nomical telescope. Here, it must be confessed, disappointment 
awaits us. It is true that a combination of phosphate crown and 
borate flint is shown to yield a binary objective of greatly dimin- 
ished secondary color aberration, but the mechanical and chem- 
ical properties of these varieties of glass quite preclude their 
employment in large lenses. A combination of apparently unex- 
ceptionable crown and flint glasses is highly praised by Prof. 
Wolff as practically free from secondary color as far as the eye 
can recognize, but as the excessive ratio of focal length of 21/1 
is requisite in order to sufficiently reduce the chromatic difference 
of spherical aberration even for a telescope of about eight inches 
aperture, the real gain is problematical. Large telescopes of 
triple combinations are probably still less promising, not only on 
account of excessive length but also from more numerous reflec- 
tions, increased absorption, and enhanced cost. It is somewhat 
remarkable that a binary combination described in this Journal 
for April, 1889, is not alluded to here, for it is without doubt 
from all practical standpoints the most efficient double objective 
yet constructed. This readily admits of the ordinary ratio of 
length to aperture and has been in continuous use since its inven- 
tion; but it is true that large objectives of its type are probably 
impracticable. Cc. 8. H. 
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1, Recent publications of the United States Geological Survey, 
Cuartes D. Watcorrt, Director. The following volumes have 
recently been issued by the Survey : 

NINETEENTH ANNUAL Report. Part II. Papers chiefly of 
a Theoretic Nature. Pp. 712; plates 172. This volume includes 
the following papers: By C. W. Hayes on the physiography of 
the Chattanooga District; by F. H. King and C. 8, Slichter on 
the movements of ground water (this Journal, p. 157); by N.S. 
Shaler and J. B. Woodworth on the geology of the Richmond 
Basin, Virginia; by L. F. Ward on the Cretaceous formation of 
the Black Hills, as indicated by the fossil plants (see p, 384). 

Part III. economic Geology. Pp. 785; plates 99. Of the 
papers here included, that by T. Nelson Dale on the Slate Belt of 
Eastern New York and Western Vermont has already been 
noticed (p. 382). Other papers are by J. F. Kemp on the titan- 
iferous iron ores of the Adirondacks; J. S. Diller on the Coos 
Bay coal-field, Oregon; by G. W. Tower, Jr., and G. O. Smith, 
on the geology of the Tintic District, Utah; by J. A. Taff, David 
White and G. H. Girty on the McAlister-Lehigh coal-field, 
Indian Territory; also an abstract of Monograph XXXVI by the 
authors. 

Part V. On the Forest Reserves. Pp. xv, 400; plates 110; 
with Atlas. Mr. Henry Gannett is in charge of this division, and 
the publication of this volume is a new and admirable feature of 
the Survey work. Several papers on the forest reserves in differ- 
ent portions of the West are included, in addition to the general 
discussion by Mr. Gannett, Thus, one on the reserve in the 
Black Hills, by H. 8S. Graves; on that of the Big Horn, by F. 
E. Town; of the Bitterroot, by J. B. Leiber; of Washington, by 
H. B. Ayres and M. W. Gorman, etc. The volume contains 
numerous excellent illustrations and is accompanied by an atlas of 
seventy-five colored plates. As a whole, it forms an exceedingly 
interesting discussion of a highly important subject. 

TwentietH ANNUAL Report. Part I. Director’s Report, 
including Triangulation and Spirit Leveling. Pp. 551; plates 
2. This is noticed on p. 448 of the present number. 

Part VI. Mineral Resources of the United States, 1898. In 
two volumes, viz.: Metallic Products, Coal and Coke, and Non- 
Metallic Products. These volumes give a striking proof of the 
activity of mineral industry in this country. The Department is 
in charge of Mr. David T. Day, who, with his assistants and 
various collaborators, has, as in former years, brought out the 
material with great fullness and promptness. 

Monocrarus. XXXII. Part II. Geology of the Yellowstone 
National Park, by Arnold Hague, J. P. Iddings, C. D. Walcott, 
T. W. Stanton, G. H. Girty, and F. H. Knowlton. Pp. 893; 
plates 121. Noticed on p. 297. 

XXXIII. Geology of the Narragansett Basin; by Messrs. 
Shaler, Woodworth, and Foerste. Pp. xx, 402; plates 31. 
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XXXIV. The Glacial Gravels of Maine and their Associated . 
Deposits; by George H. Stone. Pp. xiii, 499; plates 52. 

XXXVI.° The Crystal Falls Iron- Rearing District of Michi- 
gan, by J. Morgan Clements and Henry L. Smyth; with a Chap- 
ter on the Sturgeon River Tongue, by W. S. Bayley, and an 
Introduction by Charles R. Van Hise. Pp, xxxvi,512: plates 53. 
See p. 451. 

XXXVII. Fossil Flora of the Lower Coal Measures of 
Missouri, by David White. Pp. xi, 467; plates 73. 

XXXVIII. The Illinois Glacial Lobe, by Frank Leverett. Pp. 
xxi, 817; plates 24. 

[Of the above Monographs, those which have not already been 
reviewed, will be noticed in following numbers. | 

Butietins. Number 157. The Gneisses, Gabbro-Schists, and 
Associated Rocks of Southwestern Minnesota, by C. W. Iall. 
Pp. 160; plates 27. 

Number 158. The Moraines of Southeastern South Dakota 
and their Attendant Deposits, by James Edward Todd. Pp. 171; 
plates 27. To be noticed later (also 157). 

No. 159. The Geology of Eastern Berkshire County, Massa- 
chusetts, by Benjamin K. Emerson. Pp. 139; plates 9. The 
author recognizes as of Paleozoic Age the following formations, 
viz.: Cambrian systen—the Becket gneiss, Cheshire quartzite, 
and the lower part of Stockbridge limestone ; Silurian system— 
the upper part of Stockbridge limestone, Berkshire schist, Hoosac 
schist, and the Rowe schist. 

Number 160. A Dictionary of Altitudes in the United States 
(Third Edition), by Henry Gannett. Pp. 775. This edition is 
greatly enlarged, and the adjustment of altitudes is made to record 
the greater precision reached by recent re-survey of railroad 
profiles. 

Number 161. Earthquakes in California in 1898, by Charles 
D. Perrine. Pp. 31; plate 1. 

Number 162. Bibliography and Index of North American 
Geology, Paleontology, Petrology, and Mineralogy for 1898, by 
Fred Boughton Weeks. Pp. 163. A useful index like the earlier 
issues of the same series. 

2. Twentieth Annual Report of the United States Geological 
Survey, 1898-1899 ; Cuartes D. Watcorr, Director. Part J. 
Director's Report ineluding Triangulation and Spirit Leveling. 
Pp. 551.—This volume containing the Director’s report, and 
a paper on Triangulation and Spirit Leveling, is the first of seven 
parts which will constitute the twentieth annual report, giving 
the operations of the Survey for the year ending June 30, 1899. 
The appropriation for the year amounted to $818,760.02, and the 
work includes, in addition to the regular geologic work, the study 
of the forest reserves and explorations in Alaska. During the 
year a resolution was introduced in Congress providing for a 
Division of Mines and Mining in the United States Geological 
Survey. This was referred to the Director, and his report regard- 
ing the proposed new Division of Mines and Mining is given in 
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detail. The general work and organization of the Survey is 
practically as it was in the previous year. Attention is called 
to the need for a new building for the Survey and better provi- 
sions for preserving the collections, both of the Survey and of 
the new Division of Mines and Mining. The following distribution 
of the work in Geology will indicate the extent of the operations 
of the Survey: 

In the New England region, the Shaler party was engaged in 
studying the geology of Cape Cod and Narragansett Bay dis- 
tricts; the Emerson party was engaged on the Worcester, Marl- 
boro, and Blackstone quadrangles; the Dale party on the Cohoes 
and Hoosick quadrangles of New York, and the Bennington 
quadrangle of Vermont; the Wolff party completed the surveys 
of the Archean rocks on the northeastern portion of the Ben- 
nington quadrangle. Professor Wolft studied also the under- 
ground workings of the zine mines at Franklin Furnace. The 
Williams party continued the study of the Paleozoic rocks of 
Maine, and certain igneous problems of the same region; the 
Kemp party continued the survey of the Lake Placid and Ausa- 
ble quadrangles of New York; the Gilbert party continued sur- 
veys in northwestern New York, covering parts of Niagara 
County. 

In the Appalachian region, the parties at work were White, 
mapping the Pottsville series and Lykens coals, and other areas 
about Broad Mountain; Campbell, the Oceana (West Virginia) 
quadrangle; Hayes, at first in Nicaragua and Costa Rica, under 
detail by the Secretary of the Interior, and after June 3d in the 
southern Appalachians; Bascom, mapping the crystalline rocks 
in the Philadelphia district; Keith, in the Cranberry and Chero- 
kee districts of Tennessee and North Carolina; Van Hise, on 
Mount Guyot quadrangle of Tennessee. 

Clarke continued investigations of the Cretaceous and Tertiary 
in eastern and southern Maryland, and Darton in the District of 
Columbia, Maryland, and Virginia, in the Atlantic coastal plain 
region. 

The Interior or Mississippi region was explored by Van Ilise, 
in the iron-bearing districts of Lake Superior and Vermilion; by 
Darton in South Dakota and Nebraska, in the Black Hills region; 
R. T. Hill in Texas, working on the physical geography prob- 
lems; Vaughan also in Texas. The Taff party were at_ work in 
the Indian Territory, making surveys of the coal field ; Emmons 
in South Dakota, investigating the Black Hills region particu- 
larly, where an almost complete representation of sedimentary 
rocks from the Algonkian to the Tertiary was exploited. 

The Rocky Mountain region was explored by the Emmons 
party who, in Colorado, investigated the underground workings 
of mines in the vicinity of Rico. Whitman Cross was engaged 
in the San Juan Mountains of southwestern Colorado; R. C. 
Hills in the regions of the Elmoro, Spanish Peaks, and Walsen- 
burg quadrangles of Colorado. Weed made geologic investiga- 
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tions in the Boulder quadrangle, the Helena quadrangle, and a 
reconnaissance trip to the Big Hole Basin, Gibbonsville, Idaho. 

The Hague party continued work on the Yellowstone Park 
monograph; the Lindgren party on the Hailey, Boise, and Snake 
River regions of Idaho, and at the request of the Department of 
Justice, Mr. Lindgren made a detailed examination of Oracle 
region, in Pinal quadrangle, Arizona, 

The Pacific region was explored by the Branner party in the 
vicinity of Palo Alto, California; and by Becker in the Mother 
Lode of California, until his work was interrupted by being called 
to special work in the Philippines. Lawson was engaged on the 
Mount Diablo quadrangle; Turner on surveys in the Sierra 
Nevada regions of Yosemite and Mount Dana quadrangles. 
Diller in the Bohemia mining region of the Blue River and Coos 
Bay coal-fields, and later in the Port Orford quadrangle. Smith 
in the Mount Stuart quadrangle, Kittitas County, Washington ; 
Russell made a geologic reconnaissance of the northern Cascade 
Range, Washington. 

Special investigations were continued in the glaciated regions 
of the United States by the Chamberlin party, and progress made 
in that field. 

Two parties were sent to the Alaska region; one starting from 
Chilkat Inlet, along the northern side of St. Elias Range to the 
head of White River. The second party went down the Yukon, 
proceeding northward toward the Koyukuk River. 

Dr. George F. Becker was sent by the War Department to 
investigate aud report on the mineral resources of the Philippines. 
To Porto Rico Mr. R. T. Hill was sent for the purpose of inves- 
tigating the physiographic and geologic features ot the island. 

Mr. Bailey Willis, as assistant to the Director in Geology, 
made a flying trip through the Western States, for purposes of 
conferring with geologists and preparing plans for future geologic 
work. [He visited western Montana, Washington, and California, 
touching upon the fields under exploration by various parties of 
the Survey. 

The Director, during the field season, visited the Teton Forest 
Reserve in Wyoming, and made a geologic reconnaissance of the 
Belt Mountain area east of Helena, Montana. The result of his 
investigation of the regions south of the Yellowstone was a 
recommendation to the Government to annex that region as a 
public park, in order to preserve the game during the winter 
season, and also because of the grandeur and beauty of the natural 
scenery in Teton Reserve. 

The Division of Paleontology also covered a large field of 
work: Mr. Girty working on the Carboniferous collections from 
various localities; Williams on the Devonian and Silurian collec- 
tions from Maine, Arkansas, and southern Appalachians; Stanton 
on the Cretaceous of Texas and Kansas; Ward on the fossil 

lants of the Cretaceous; Knowlton on the Cretaceous plants of 
Vashington and other localities; Dall on the Tertiary faunas of 
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the Atlantic coast. During the year Professor O. C. Marsh died, 
and large collections of vertebrate fossils made by him were 
packed and removed to Washington. 

The Division of Chemistry completed 295 analyses during the 
year. 

The Division of Hydrography made detailed examinations in 
Nicaragua, along the Gila River; in the Great Plains; in the 
Black Hills region; in Pennsylvania and Maryland; in south- 
western Colorado. Investigations pertaining to the work of this 
Division were carried on in nearly every state of the Union. 

The Division of Mineral Resources shows as active work as 
ever, and reports great increase in the product of the country 
during the year. The total increase of mineral products, from 
1897 to 1898, was nearly sixty-seven millions, and reached the 
enormous figures of $697,273,907 in 1898. This total is the largest 
ever recorded for the United States, exceeding by over forty-nine 
millions the product for 1892. 

A concise summary of the development of the Topographic 
Division is given in the present report. The topography has 
been carried into all the states and territories, and about 27 per 
cent of the entire area exclusive of Alaska has been surveyed. 
The total area surveyed is about 800,000 square miles. The States 
of Connecticut, Delaware, Massachusetts, New Jersey, and Rhode 
Island, the District of Columbia and Indian Territory have been 
completely mapped. A detailed report is given of the amount 
already surveyed in each district, and the nature of the surveys. 

In the Forestry branch of the Survey, the following regions 
were investigated: The Flathead Reserve, Montana; the Idaho 
portion of the Bitterroot Reserve; the Mount Rainier Reserve of 
Washington; the Olympic Reserve of Washington; and Pikes 
Peak, Plum Creek, and South Platte reserves of Colorado. 

In the publication branch of the Survey, the year’s work in 
photography reached a total of nearly 6,000 negatives, 18,000 
prints, and over 5,000 slides. The work of the editorial division 
completed the editing of 16,323 pages of manuscript, and 11,316 
printed pages. There were completed and issued also 8 folios, 
Nos. 44-51, inclusive, and during the year 80 new map sheets 
were received, which, together with those on hand at the begin- 
ning of the year, make a total of 164 sheets. During the year 
104,665 volumes, 29,597 geologic folios, and 168,641 topographic 
maps were sent out, including those distributed under special 
Congressional enactments. 

The library of the Survey has reached a total of 144,370 entries, 
including books, pamphlets, and maps. 

This concise summary, gathered from the Director’s report, is 
sufficient to indicate the very large dimensions of the work car- 
ried on by this important Government Bureau. w. 

3. The Crystal Falls Iron-Bearing district of Michigan ; by 
J. Morean Crements and H. L. Smyru, with a chapter on the 
Sturgeon River tongue, by W. 8S. Baytey, and an Introduction, 
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by C. R. Van Ilse, Monographs of the U. 8. Geol. Survey, vol. 
XXXVI, pp. 548, 4to with 53 plates and maps.* Washington, 
1899.—T ‘he report and the accompanying map discussed in 1 this 
volume cover an area of 1296 sq. miles, including the Crystal 
Falls, the Amasa, the Felch Mountain or Metropolitan and the 
Sturgeon River iron ore districts, of which the first two are at 
present productive, having shipped during 1898 a total of 325,814 
tons. The Metropolitan area was formerly also an important ore 
producer but in recent years the mines have not been worked. 
The ores are mainly non-Bessemer hematites and limonites. 

Geologically the district may be regarded as connecting the 
Marquette and the Menominee districts. It consists essentially 
of a broad area of Huronian rocks enclosing two small oval areas 
of Archean schists and granites, and bordered on the east by an 
almost continuous stretch of similar rocks. The Felch Mountain 
and the Sturgeon River areas are two narrow tongues of the 
Huronian sediments extending eastward from the broad expanse 
of the Crystal Falls district into the Archean complex. 

Structurally the main portion of the district is a N.W.-S.E. 
set of folds, with a N.E.-S.W. series superimposed upon them. 
The Felch Mountain and Sturgeon River tongues are two narrow 
E.-W. synclines. 

In structure and lithology the Archean complex possesses no 
unusual features. Its rocks are biotite-granites and granite- 
gneisses, banded gneisses, mica-schists and hornblende schists or 
amphibolites. T he origin of the mica-schists and the banded 
gneisses is not known. The other members of the complex are 
plainly igneous. They are cut by numerous basic and acid dikes. 

Between the Archean and the Huronian is a great basal con- 
glomerate best exposed in the Sturgeon River tongue. Here it 
occurs with an enormous dey elopment. It is a schistose recrys- 
tallized arkose containing many large pebbles and small bowlders 
of granite, gneiss and other Archean rocks. Although the con- 
glomerate is plainly sedimentary, it has suffered such deep-seated 
metamorphism that specimens of its finer portions can with diffi- 
culty be distinguished from specimens of many gneisses. 

The Huronian Group is divided, as in the other ‘Lake Superior 
iron districts, into a lower and an upper division separated by an 
unconformity. Though definite proof of this unconformity is 
lacking in the Crystal Falls district, there is little doubt that it 
exists, since the strata of this district can be traced almost with- 
out break into the neighboring Marquette district, where they 
unquestionably constitute two unconformable series of formations. 

In the eastern part of the district the Lower Huronian forma- 
tions are better represented than in the western portion, In the 

* An extract of this monogr: ‘ph appears under this same title as a part of the 

19th Annual Report of the U. 8. Geological ‘Survey (Pt III, pp. 1-151). It con- 

tains essentially the same discussion as is found in the Monograph with the excep- 
a — rels iting to the microscopical features of the rocks met with in the 
aistric 
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Felch Mountain district Smyth distinguishes the following : “ The 
Sturgeon quartzite, with an average thickness of about 450 ft. ; 
the Randville dolomite, with an average thickness of 750 ft. ; 
the Mansfield schist, a mica-schist derived from some clastic rock, 
with a thickness of about 200 ft., and the Groveland iron forma- 
tion, composed of two kinds of rock—one consisting of quartz, 
hematite and magnetite, and the other of an iron-amphibole with 
quartz and the iron oxides as associates (griinerite-schists). The 
quartz-iron oxide rocks are composed partly of clastic quartz and 
partly of crystalline silica. In this respect the ore-bearing mem- 
ber of the formation is intermediate in character between the 
crystalline ore-bearing member of the Negaunee formation in the 
Marquette district and the clastic ore-bearing beds at the base of 
the Ishpeming formation. The iron oxides are thought to have 
been derived from glauconite or iron carbonate deposited with 
the original sediments. 

In the western portion of the district the Lower Huronian 
series is represented by the Randville dolomite, the Mansfield 
slate and a great thickness of volcanic deposits known as the 
Hemlock formation. The slate formation comprises graywackes, 
clay slates, phyllites, cherts and iron ores, together with certain 
other rocks derived from these. Its maximum thickness is 1900 
ft. and in it is the only productive Bessemer ore-producing mine 
in the district. 

The Hemlock formation consists almost exclusively of basic 
and acid voleanic rocks, both lavas and tuffs, and several varieties 
of crystalline schists derived from them. The thickness esti- 
mated from the dip is about 23,000 ft. but this estimate is regarded 
as excessive. The figures are thought to result from the presence 
of undiscovered reduplication of beds due to folding. The acid 
volcanics are rhyolites, the basic ores are basalts. The latter are 
largely pyroclastic, the former principally devitrified glassy lavas. 
The basic lavas are characterized almost everywhere by a well- 
marked ellipsoidal structure. The ellipsoids vary in size from a 
few inches to 6 or 8 inches in diameter. They are usually ellip- 
soidal in cross section, and their longer axes are in the supposed 
direction of flow of the rock in which they occur. They may or 
may not be amygdaloidal. When amygdaloidal the amygdules 
are as a rule distributed through the ellipsoids, but on the whole 
the masses are more scoriaceous on the periphery than near the 
center. In exceptional cases the amygdules are on the upper sides 
of the ellipsoids. The matrix between the ellipsoids is often schis- 
tose, but at times it appears almost massive. Sometimes it is brec- 
ciated. This structure together with much of the spheroidal struc- 
ture described in basic lavas from other localities, is explained by 
Clements’ as due to the fact that the lava was originally of the 
aa form of the Hawaian volcanoes, and that it has since been 
metamorphosed under the influence of pressure. 

All of the lavas have been much altered since their eruption. 
In the zone of weathering the alteration has consisted largely of 
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calcification. At lower depths silicification processes predomi- 
nated.* 

The Upper Huronian beds in the western portions of the area 
consist of graywackes, ferruginous graywackes, micaceous, car- 
bonaceous and ferruginous clay-slates and their crystalline deriva- 
tives, and thinly laminated cherty siderite-slates, ferruginous 
cherts and iron ores. The extensive folding which the series has 
undergone, coupled with the intrusions of igneous rocks, has 
made crystalline schists from some of the slates and graywackes. 
Interlaminated with these schists are also some perfectly crystal- 
line hornblende-gneisses, that are supposed to have resulted from 
the metamorphism of intrusive sheets or interbedded flows of 
basic igneous rocks. Because of the scarcity of exposures the 
authors were not able to separate the Upper Huronian beds into 
formations. 

The ores in the Upper Huronian are non-Bessemer. They are 
associated with cherts, and together with these rocks form len- 
ticular bodies lying in the troughs of synclinal folds with 
impervious slate bottoms. 

Cutting through the Huronian sediments are various acid and 
basic intrusives which in the main are massive and possess the 
granular texture. Since’ they nowhere seem to be involved in 
the folding of the district it is concluded that they were intruded 
after the folding took place, and since many of them are very sim- 
ilar petrographically to the lavas of the Keweenawan series 
further north, they are correlated with the latter. The time of 
folding of the district is therefore placed at the beginning of 
Keweenawan time. 

Lithologically the intrusives are classed as biotite-granites, 
muscovite-biotite granites, metadolerites, metabasalts and picrite 
porphyries or porphyritic limburgites. The dolerites have meta- 
morphosed the Mansfield slates with which they are in contact, 
producing from them spilosites, desmisites and adinoles.t 

Near the town of Crystal Falls there is an extremely interest- 
ing series of intrusions ranging from acid granites, tonalites and 
quartz-mica diorites through diorites of intermediate acidity to 
basic hornblende-gabbros, gabbros, norites and various peridotites. 
It was not possible to determine which of these rocks most nearly 
resembles in composition the original magma of which the various 
types are differentiation products. It is known, however, that 
the hornblende-gabbro first reached its present position, and that 
in general the forces of differentiation were toward increasing 
acidity and increasing basicity. 

* Since the publication of this monograph the results of a detailed exami- 
nation of the Menominee district, which is more closely related to the Crystal 
Falls district than is the Marquette area, seems to show that the Mansfield slate, 
the Groveland formation and the Hemlock formation are all members of the 
Upper Huronian and that the Bessemer Mansfield ore is the equivalent of the 
Upper Huronian Bessemer ores of the Menominee range. The division between 
the Lower and Upper Huronian would, therefore, seem to be between the Rand- 


ville dolomite and the Mansfield slate. 
+ Cf. this Journal, IV, vii, 81, 1899. 
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In his general introduction to the volume, Van Hise calls atten- 
tion to the fact that while the Hemlock volcanics were being 
erupted in one portion of the district the Mansfield slates and the 
Groveland formation were being laid down in other portions, and 
that consequently the former is equivalent in part of the district 
to the last two-named formations in other parts. The History of 
the Crystal Falls district closely parallelizes that of the Marquette 
district, though the number of distinct formations recognized in it 
is smaller. 

In Chapter ii of Part II of the volume, Smyth presents an 
interesting discussion of the use of magnetic observations in 
mapping the distribution of magnetic formations and working out 
their structure. The chapter is an abstract of a paper presented 
at the Colorado meeting of the American Institute of Mining 
Engineers in September, 1896. It contains many points of great 
value to field geologists, especially to those who are engaged in 
the study of iron-ore regions, and it is extremely interesting from 
a theoretical point of view. 

It is unfortunate that the authors were so handicapped in their 
work by the lack of exposures, since some of their conclusions, to 
one unfamiliar with the region, appear to rest on insufficient data. 
But when we remember that they had the results of the work in 
the Penokee and the Marquette districts to guide them in their 
investigations, it would seem that their conclusions must in the 
main be correct. They have at least shown without any possi- 
bility of question that in the Crystal Falls district as in the other 
Lake Superior iron districts, the ores occur in Huronian beds 
which are unconformably above an older series of crystalline 
schists, and that the ores were deposited in pitching troughs as 
concentrates. Glauconite or some iron carbonate was the original 
source of the iron and descending waters were the agents of 
decomposition, transportation and precipitation. 

The volume is well illustrated with 14 maps and plates of geo- 
logical sections in the body of the book, two maps in a pocket, 
37 other plates, of which 27 are microphotographs and 24 figures 
in the text. 

4, Preliminary Report on the Cape Nome Gold region in 
Alaska ; by F. C. Scuraper and A. H. Brooks. Pp. 56 with 
maps and illustrations. Washington, 1900 (U. 8. Geological 
Survey).—The prompt way in which the United States Geologi- 
cal Survey comes forward with scientific information in regard to 
subjects of immediate interest to the public, has rarely been bet- 
ter shown than by this Report on the Cape Nome Gold Region, 
which is based upon observations made by Messrs. Schrader and 
Brooks, in October, 1899. It states that the bed-rock of the 
Nome district consists of more or less altered limestones, mica- 
schists, and gneisses. The rocks are closely folded and have an 
east-west strike. Mineralized quartz and calcite are common. 
The gravels are classified as gulch, terrace, and tundra gravels, 
those of the beach being closely related ‘to the latter. The 
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presence of these terraces indicates that the entire region has 
been slowly elevated. The important gold deposits thus far 
exploited are the gulch and beach placers. Gold is also known 
to occur in the bars of the larger rivers and in the tundra, Prob- 
ably the higher benches and terraces are also worthy of investi- 
gation by the prospectors. 

Although the occurrence of gold in sea-shore sands is not pecu- 
liar to this region, still the richness of the Cape Nome beaches is 
very remarkable; $3,000,000 is given as the probable gold pro- 
duction for the region for 1899. 

The Report is accompanied by a series of maps and half-tone 
representations of the scenery of the coast, and closes with sug- 
gestions to those interested in regard to the special conditions 
involved in mining in this region. 

5. Preliminary Report on the Klondike Gold Fields, Yukon 
District, Canada; by R. G. McConnett, 2 plates, 2 figures, 
map, pp. 5-44, 1900. Geological Survey of Canada, No. 687.— 
This report was prepared for the annual summary report of Geo- 
logical Survey Department, but is printed, separately issued, 
before the latter. It may be regarded as the first result of a sys- 
tematic and moderately detailed scientific examination of the 
district. 

The Canadian Survey has also issued the following maps of 
Cape Breton, Nova Scotia: 652, Cape Dauphin Sheet; 653, 
Sydney Sheet; 654, Glace Bay Sheet. 

Also, No. 685, Descriptive Note on the Sydney Coal Field, 
Cape Breton, Nova Scotia, by Hugh Fletcher, pp. 3-16, 1900. 

6. Twenty-fourth (and final) Annual Report of the Geological 
and Natural History Survey of Minnesota for the years 1895- 
1898; by N. H. Wincue tt, State Geologist, pp. vil-xxviii, 1- 
284, 1899.—The volume consists chiefly of notes on the rock 
specimens collected in the years 1896-1898, inclusive, a record of 
field work for years 1892-98, and a general index of the annual 
reports I-X XIV, 1872-1899. 

7. George Huntington Williams Memorial Lectures on the 
Principles of Geology.—It will be remembered that at the Johns 
Hopkins University a course of lectures, dealing with the princi- 
ples of geology, is provided from time to time by the generosity 
of Mrs. George Huntington Williams, in memory of her husband, 
the late well known geologist and petrographer, who died in 1894. 
This lectureship was inaugurated in 1897 with a course by Sir 
Archibald Geikie, who delivered in April of that year six lectures 
on The Founders of Geology. 

The second course has recently been given by W. C. Briégger, 
the eminent geologist, professor in the University of Chris- 
tiania, Norway. He delivered two lectures on Zhe Principles of 
a Genetic Classification of the Igneous Rocks, followed by tive 
lectures on Zhe Late Geological History of Scandinavia, as 
shown by changes of level and climate in southern Norway since 
the close of the Glacial epoch. 
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These lectures were given between Wednesday, April 25, and 
Thursday, May 3. They were delivered in English and before 
good audiences ; a number of visiting geologists from Washington 
and elsewhere being present. In his first two lectures the speaker 
said essentially as follows, after referring to the particular cir- 
cumstances under which the course of lectures was given : 


There has been evolution in classification, from the early pre- 
Linnean and Linnean systems of botany and zoology to the nat- 
ural systems of the present day. Classification of petrography 
should (or will) follow thesame course. Inthe case of rocks there 
is a constant effort to reach a natural system, i. e., a genetic one. 
The aim of classification is to group objects by their essential 
characters. What are then the essential characters in rocks ? 
Primarily they are geological bodies, and therefore their classifi- 
cation should be based on geological observations and geological 
relationships. Rocks produced by the same processes should be 
grouped together. The name diorite is essentially genetic be- 
cause the idea is implied that it is igneous, next because the place 
of consolidation is indicated, and finally because it is understood 
that it must have originated primarily from the magma. 

The present system is founded largely on accidental characters ; 
thus, for example, minettes and leucite-basanites are chemically 
identical, but are separated and put in different families. The 
present system is not a natural but an artificial one, comparable 
to the Linnean system of botany. 

Petrographical classification began in 1811 with Haiiy, and 
was based on mineral composition. This has predominated ever 
since and the consequence is that like rocks are separated and 
unlike put together, so for example the granites and granitites, 
augite-andesites and hornblende-andesites are separated, while 
nephelinite embraces many different rocks. A purely mineral 
basis is quite insufficient. In 1875 Lossing, in a memoir on the 
Bodegang in the Hartz, established the connection between quartz- 
porphyry and granite. This was of the highest importance. He 
showed that both were only structural modifications of the same 
magma, and therefore the structure was a function of the condi- 
tions of the genesis of the rock. Structure has since then been 
maintained by Rosenbusch and others as the main basis of classi- 
fication. Thus Rosenbusch’s three main groups (abyssal, dike 
and effusive rocks) are well founded types, characterized by 
special structures. It is urged by opponents that this is purely 
hypothetical, but this is based on a misapprehension, for Rosen- 
busch’s classification is not founded on hypothesis, but on geolog- 
ical observation of facts, which have been made once for all. 
Exact definitions are of course very hard to give, but this is 
always so in nature, where there are no sharp limits. While the 
same chemically, granite, quartz-porphyry and liparite are differ- 
ent structurally and genetically and a system of classification 
should express these differences. 
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Structure is very sensitive, and gives the history of a rock, 
either alone or with the help of geological observations. (The 
lecturer then spoke of different kinds of metamorphism, and 
showed that structure could distinguish between the different 
kinds.) The essential criterion of the various metamorphic rocks 
of granitic character is genesis, not structure or mineral compo- 
sition. There is a distinction between the cataclastic and pro- 
toclastic structures, the latter being a structure like cataclastic, 
but produced during solidification, and hence is primary. These 
should be distinguished in a system of classification. Structure 
only indicates that the rock has been pressed: geological observa- 
tion should do more, and indicate whether during or after solidi- 
fication. 

Classification must go back to geological observations as a 
Jundamental criterion. 

In regard to the porphyritic structure it is believed that this 
indicates interrupted movement in the magma. 

The finer distinctions and splitting up of ‘sack (catch-all) 
names” will separate types now together. That it is possible to 
found a system of classification on abyssal, hypabyssal and effu- 
sive rocks is proved by Rosenbusch. For many years petrog- 
raphy was a science of specimens and thin sections, bnt it should 
be more than this and should be living. Of all criteria geolog- 
ical observation is first, since it gives the history and changes a 
dead science to a living one, showing evolution of one rock from 
another. 


In his second lecture the subject was continued essentially as 
follows: It is well known that rocks of different chemical and 
mineral composition occur together, so that they are genetically 
related. It is only within the last few years, from elaborate 
studies made by different petrographers, that an explanation of 
differentiation has been brought out. As the result of these 
studies the various kinds of differentiated masses may be classi- 
fied as follows: 

1. Composite dikes. 

2, Complementary dikes. 

3. Constitutional (e. g., marginal) facies. 

4, Connected occurrences (e. g., leucocratic with melanocratic 
rocks). 

5. Dike associations (Ganggefolge). 

6. Petrographical provinces. 

7. Original earth magma, from which others are derived. (The 
latter is probable, but the arguments in favor of it cannot be dis- 
cussed here.) 

Classification should be based in the first instance on chemical 
composition. Geological observations prove the essential connec- 
tion of the chemical composition of igneous rocks. The essen- 
tial features of classes 1-6 are geological and independent of 
theory. On these facts a system of classification should be based. 
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As geology cannot reach very far down into the earth, stocks 
and laccoliths (in a broad sense any large, deeply consolidated 
mass of magma) must furnish our types. All rocks which can 
be referred to the same magma must belong tothe same family. 

We have first to distinguish abyssal rocks, then marginal facies, 
then hypabyssal dikes and sheets (including diaschistic and 
aschistic,* in the former complementary types, in the latter main 
rock and salband), lastly flow rocks, palotypic and cxnotypic, 
diaschistic and aschistic. 

Families with the same predominating metallic oxide should 
form one series. Thus there would be as the main families the 
potash, the soda, the lime and the magnesia series; the alumina 
and iron rocks are doubtful because they are not known to occur 
as stocks or laccoliths. Further there are transition series, the 
potash-soda and the alkali-lime rocks. There are therefore six 
main rock families. As regards silica we should distinguish 
hyperacid, acid, intermediate, basic and ultrabasic. Thus as 
examples we would have 


( Hyperacid. Soda-granite. Akerite. 
| Acid. Soda-quartz-syenite. Nordmarkite. 
Soda Family frtermediate Nephelinesyenite. Foyaite. 
| { Soda-syenite. Laurvikite. 
| Basie. Absent. 
Adamellite. 
Alkali-lime Acid. Banatite. 
Family Intermediate. Monzonite. 
| Basic. Essexite. 
( Hyperacid. Tonalite. 
Lime Family } Acid. Quartz-diorite. 
Intermediate. Diorite. 
| Basic. Gabbro and Anorthosite. 


The families are to be defined by the chemical composition of 
the main rock types, limits of course to be considered. The con- 
nection of aschistic types with abyssal rocks is well known, obvious, 
and not denied by any petrographer. All such aschistic struc- 
ture types should be referred to the related abyssal magma. This 
is generally believed and done. 

Diaschistic dikes should also be referred to abyssal magmas 
(rocks) from which they are derived. This will be the main diffi- 
culty with most petrographers. It is proved by geological obser- 
vation that they are consanguineous; South Norway furnishes 
excellent examples which have been studied and described. The 
relationships are very clear for the hyperacid, acid and basic fam- 
ilies; only the intermediate ones are difficult to decipher, such as 
those of the nepheline-syenites. 

The differentiated (e. g. dike) types can have quite different 
compositions (chemical and mineralogical) from the main type. 
This is quite analogous with the classifications brought out by 


*For the explanation of these terms conf. Brégger Grorudit-Tinguait Serie 
1894, p. 155. 
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zoologists and botanists, as for example certain parasitic and 
other forms of animal life are grouped with particular families, 
though they differ in some essential respects, because it has been 
shown that phylogenetically they are related. 

The objection can be raised that these ideas are founded on 
hypotheses. It is thought that our present knowledge is insuffi- 
cient, but it should be pointed out that these are problems to be 
solved in the future, and that petrography is the same now as 
botany and zoology in the time of the Linnean system. 

The most important objection is that of Iddings, that different 
genetic rock families must include rocks of essentially the same 
character; thus camptonites may occur with essexites or nephe- 
line-syenites. Classification must recognize this and Iddings is 
right in so far that rocks like the foregoing must have the same 
main name, thus essextite-camptonite and foyaite-camptonite. 
But even here the essexite-camptonite will differ from a foyaite- 
camptonite enough so that they may be distinguished. 

But rocks must not be studied as mere rock specimens. De- 
scription and classification are two different things, and the sepa- 
ration of petrology and petrography should be strongly ob- 
jected to. 

But every artificial system has had to give way in time toa 
natural one, and as in botany petrographers could have a “ key ” 
for identification, such as botanical text-books have. But the two 
are essentially and in reality different. Rocks should be studied 
as they occur in nature. 

Every separate rock of given chemical and mineralogical com- 
position should have its own name, but this is no reason for giv- 
ing up the attempt to determine and express genetic relationships. 

The definition and description of the different rock species 
is not here attempted. A very great number of names is neces- 
sary and they will increase. They are not to be stopped by 
any congress or popes of geology. We are only at the beginning. 
But even if names should be ten times as numerous as they now 
are, it does not matter, neither can it be helped since the »y are 
necessary. Botanists and zoologists have hundreds of thousands 
of names as arbitrary as those of petrography, while petrog- 
raphers have only a few hundreds to consider. If necessary we 
must make petrographical dictionaries, which must keep pace 
with the names. 

Names now considered as type names will be found to be 
‘sack names.” Species will be split up. This will grow out of 
the study of the relations of consanguinity, and most detailed 
descriptions are necessary to know the relationships. The many 
new names show that petrography is on the way from a pre-Lin- 
nean and Linnean system to a more advanced and natural one. 

The fear of the deluge of new names is one of the children’s 
diseases which we shall soon escape. Michel-Lévy’s dream of a 
simple system of classification will never be realized. The 
detailed study of single occurrences is the real basis of petro- 
graphical classification and this will necessitate new names. 

H. S. WASHINGTON. 
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1. American Association for the Advancement of Science.— 
The forty-ninth annual meeting of the American Association will 
be held at Columbia University, Morningside Heights, New York 
City, June 23 to 30,1900. The Association headquarters will be 
located in Room 309, Schermerhorn Hall, Columbia University, 
where the register will be opened at 2 p. w. of Thursday, June 21. 
The hotel headquarters of the Council of the Association will be 
at the Majestic, Central Park and 72d street. The opening ses- 
sion of the Association will be held at 11 o’clock a.m. on Monday, 
June 25th, in the Gymnasium; at this time the retiring President, 
Mr. G. K. Gilbert of Washington, will introduce the Presi- 
dent-elect, Professor R. 8. Woodward of New York City. The 
address by Mr. Gilbert will be delivered Tuesday evening in the 
lecture room of the American Museum of Natural History. 

A circular giving the preliminary announcements in regard to 
the conditions regulating the admission of members and the 
presentation of papers; also as to the times and places of meet- 
ing of the Association and of the affiliated societies; hotel 
accommodations, railroad rates, excursions, etc., has been recently 
issued and copies may be obtained from Mr. L, O. Howard, 
General Secretary, Cosmos Club, Washington. For further 
information respecting local arrangements, transportation, hotel 
and boarding-house accommodations, application may be made to 
the Local Secretary, Professor J. McK. Cattell, Columbia Uni- 
versity, New York City. 

2. Report on the Petrified Forests of Arizona; by Lester F. 
Warp, Department of the Interior, Washington, 1900.—The 
present report was made in compliance with instructions from the 
Director of the United States Geological Survey especially with 
reference to the proposition to set aside the region embracing the 
Petrified Forests as a national park. 

The Petrified Forest, or Chalcedony Park, or Lithodendron 
(stone tree) Valley, as it has been variously called, is situated in 
Apache County, Arizona, between the Little Colorado and the 
Rio Puerco, fifteen miles east of their junction, seventeen miles 
east of Holbrook, and six miles south of Adamana station on the 
Santa Fe Pacific Railroad. The area in which the fossil conifer- 
ous trunks are particularly abundant is about eight miles square, 
though at other points in the same Triassic terrane in Arizona, 
New Mexico and Utah, much silicified wood occurs. 

As the result of his visit during the preceding summer, Pro- 
fessor Ward fully confirms the various descriptions of the extent 
and wonderful character of the gigantic silicified Arizona forest. 
Its interest, moreover, is much enhanced by the fact that it is 
very old, probably of Triassic age. The great fossil forests of 
California and the Yellowstone Park are Tertiary and compared 
with those of Arizona of comparatively recent date; the latter 
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being the only examples of such ancient forests in this country. 
The destruction of this natural wonder, due to the piecemeal 
inroads of idle curio hunters and other more persistent and deter- 
mined despoilers, is becoming more apparent with each succeed- 
ing year, so that there is now considerable local sentiment in 
Arizona in favor of withdrawing the area in which the chief 
forest is situated from entry and making it a national reserva- 
tion. Professor Ward strongly favors doing this in a simple and 
inexpensive manner which he outlines. It is much to be hoped 
that Professor Ward’s recommendation may be carried out. 

3. University of Tennessee Record. Number XI, pp. 213-263. 
October, 1899.—This number, published by the University of 
Tennessee, contains a record of engineering work done in 1899. 
The leading article, by J. R. McCall, is on electric transmission of 
power in shops; another article by W. W. Fulton describes an 
electric-recording river gauge. 


4, Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie. 
—In connection with the long-honored “ Neues Jahrbuch ” a Cen- 
tral-blatt fiir Mineralogie, Geologie und Paleontologie is to be 
issued, which shall contain short original papers, book notices, 
authors’ extracts of papers, reports of Scientific societies, etc. It 
will appear twice each month and will be sent free to subscribers 
to the Jahrbuch: to others at a cost of 12 marks. All workers 
in these departments will welcome this new publication, which 
while not interfering with the sphere of the Jahrbuch itself (e. g. 
in the direction of fud/ abstracts), will make possible a much more 
prompt and complete publication of matters of immediate interest. 

5. McGill University.—At the annual convocation of MeGill 
University, held in Montreal on April 30th, the degree of LL.D., 
honoris causa was conferred upon George F. Barker, Professor of 
Physics in the University of Pennsylvania; Alfred T. Mahan, 
Captain U. 8S. Navy, and J. F. Whiteaves, F.R.S.C., of the Geo- 
logical Survey of Canada. 

6. K. K. Geologische Reichsanstalt.—A Jubilee meeting to 
commemorate the founding of the Geologische Reichsanstalt, in 
1849, will be held at Vienna on the ninth of June. 


OBITUARY. 


Tue or alike eminent for his philosophical 
writings on scientific subjects, and for his eminent services in 
public life—not the least in furthering the interests of science— 
died on April 24th, at the age of seventy-seven years. 

Professor A. Mitne-Epwarps, Director of the Museum of 
Natural History at Paris and one of the ablest of the recent 
zoologists, died on April 21st, at the age of sixty-four years. 

JoserH BERTRAND, the able writer on Mathematics and Mathe- 
matical Physics, died at Paris, on April 3d, at the age of seventy- 
seven. 


[INDEX 


A 


Academy, National, meeting at Wash- 

ington, 393. 
Washington, Proceedings, 394. 

Agassiz, A., explorations of the *‘Al- 
batross” in the Pacific, 33, 109, 
193, 369. 

Air, liquid, density, Ladenburg and 
Kriigel, 64. 

diffusion through water, Barus, 

397. 

Alabama Geological Survey, 69. 

Alaska, Cape Nome gold region, 455. 

Albatross, explorations in the Pacific, 
Agassiz, 33, 169, 193, 369, 390; 
report on fishes by S. Garman, 
390. 

Ameghino, FI., publications of, Roth, 
261. 

American Museum of Natural History, 
catalogue of types, 69. 

Arizona, report on petrified forest, 
L. F. Ward, 461. 

Association, American, 
New York, 461. 

Astronomical Observatory of Harvard 
College, Annals, 311; of University 
of Chicago, Publications, 311. 

Astrophysical Observatory at Wash- 
ington, observations, Abbot, 214. 

Austin, M., ammonium magnesium 
arseniate, 55. 


meeting at 


B 

Bailey, W. W., Botanizing, 80. 

Barus, C., motion of a submerged 
index thread of mercury, 159; ther- 
modynamic relations of water-glass, 
161; diffusion of air through water, 
397. 

Baumhauer, Crystal-Symmetry, 73. 

Bayley, W. S., rocks of Crystal Falls 
iron-bearing district, 451. 

Becquerel rays, 378; chemical effects 
of, Curie, 145, 144; deviation in| 


TO VOLUME 


[X.* 


magnetic field, Giesel, 147. See 

radio-active. 
and Réntgen rays in a magnetic 
field, Strutt, 376. 

Beecher, C. E., Conrad’s types of 
Syrian fossils, 176; Uintacrinus 
from Kansas, 267. 

Berlin Academy of Sciences, 312. 

Bermudas, geology of, Verrill, 313. 

Birds, Our Native, Lange, 81. 

Black Hills, geology of northern, 
Irving, 384. 

Blowpipe Analysis, Getman, 82. 

Boiling point curves, Speyers, 341, 

Botanical garden, Missouri, 233. 

Botanist, The Teaching, Ganong, 79. 

Botanizing, Bailey, 80. 

Botany— 

Analecta algologica, Agardh, 78. 

Anemone apennina, Hildebrand, 
231. 

CQarex-vegetation des 
pischen Siidamerika, 

Cyperacere, studies in 
Holm, 355. 

Lupinus albus, toxic action of acids 
on, True, 183. 

Mosses, reproduction of, 
78. 

Plants, Nature and work of, 
Dougal, 391. 

of Pribiloff Islands, Macoun, 

2382. 

Pogonia ophioglossoides, Holm, 138. 

Protoplasma, A. Fischer, 77. 

Seeds, effect on, of temperature of 
—250° C. Thiselton-Dyer, 74. 

Toxie action of acids on Lupinus 
albus, True, 183. 

Wurzeln, Beitrige zur Physiologie 
der, Rimbach, 230. 

Zellien nu. Befriichtungslehre, Hiick- 
er, 77. 

Brigger, W. C., Williams Memorial 
Lectures on Geology, 156. 

Browning, P. E., estimation 
lium, 137. 


aussertro- 
231. 


the, xii, 


Correns, 


of thal- 


* This Index contains the general heads, Borany, CuemisTRy (incl. chem. physics), GEOLOGY, 


MINERALS, OBITUARY, Rocks, and under each the titles of Articles referring 


mentioned. 


thereto are 


CC 


464 


C 
Campbell, D. H., Evolution of Plants, 
79 


Canada Geological Survey, 68, 156, 
302, 456. 

Canadian Paleozoic corals, revision of, 
Lambe, 155. 

Cape Breton, Etcheminian fauna of, 
Matthew, 158. 

Jathode rays, velocity and suscepti- 
bility to magnetic action, Wiechert, 
148. 

Chemistry, Ostwald, 64, 65. 
Laboratory Manual, Hillyer, 65. 
Physical, Lehfeldt, 445; van’t 

Hoff, 64. 

CHEMISTRY— 

Acetylene, products of the explo- 
sion of, Mixter, 1. 

Actinium, new radio-active sub- 
stance, Debierne, 444. 

Ammonium chloride, action upon 
minerals, Clarke and Steiger, 117, 
345, 

magnesium arseniate, Austin, 
5d. 

Argon, passage through thin films 
of India-rubber, Rayleigh, 292. 

viscosity, Rayleigh, 375. 

and helium, electric discharge 
through, Strutt, 294. 

helium and other gases, rela- 
tive rates of effusion, Donnan, 
443. 

Arsenic sulphide, new, Scott, 442. 

Atomic masses, calculation, Berthe- 
lot, 62. 

Barium _ chloride, 
Curie, 144. 

Calcium, preparation of, von Leng- 
yel, 63. 

Carbon monoxide, influence of 
water on the combustion of, Mar- 
tin, 293. 

Krypton, a new gas, 62, 442. 

Mercury as mercurous oxalate, de- 
termination of, Peters, 401. 

Metargon, neon, new gases, 62. 

Radium, radiations of, Becquerel, 
443 ; spectrum of, Demargay, 143. 

Sucres, et leurs principaux Derivés, 
Maquenne, 445. 


radio-active, 


Sulphur dioxide, combination with | 


oxygen, Russell and Smith, 293. 
Thallium, estimation of, Browning, 
37. 
Victorium, anew element, Crookes, 
Chili, Geology and Petrography of, | 
von Wolff, 228. 


INDEX. 


| Clarke, F. W., action of ammonium 
chloride on analcite and leucite, 
117 ; on natrolite, etc., 345. 

Clarke, J. M., Dictyospongide, 69, 


Clements, J. M., iron-bearing district, 
Crystal Falls, Michigan, 451. 

Colorado, Devonian strata in, Spéncer, 
125. 

Conrad’s_ types 
Beecher, 176. 

Coral islands of the Pacific, Agassiz, 
33. 

Crew, H., Elements of Physics, 146. 

Crystalline liquids, Schenck, 63. 

Crystallography, Lewis, 73. 

Cycads, see Geology. 


of Syrian fossils, 


D 


Dana, J. D., Lifeof, by D. C. Gilman, 
80. 

Davis, W. M., origin of freshwater 
Tertiary of Rocky Mts., 387. 

Decomposition, non-explosive, Hoit- 
sema, 63. 

Duane, W., electrical thermostat, 179. 


E 


Earthquake motion, propagation to 
great distances, Oldham, 305. 
sounds, Davison, 307. 

Earthquakes in Japan, Omori, 305. 

Eastman, C. R., von Zittel’s text-book 
of Paleontology, 388. 

Echelon spectroscope and the Zeeman 
effect, Blythswood and Marchant, 
380. 

Eclipse, of the sun, total 391; Todd, 
393. 

Electric fields, rotating bodies in, 
Heydweiller, 66. 
spark discharges, rapid, Simon, 294. 
waves measured by radio-microme- 

ter, Pierce, 252. 

Electrical condenser, new, Bradley, 
220. 
resistance of thin films from cathode 

discharge, Longden, 407. 
thermostat, Duane and Lory, 179. 
Supply from Central Station, Gay 
, and Yeaman, 221. 

Electro-chemical equivalents of cop- 
per and silver, Richards, Collins, 
and Heimrod, 218. 

Electroscope, vacuum, Pflaum, 294. 


E 


INDEX. 465 


F 


Flint, J. M., recent Foraminifera, 158. 

Foraminifera, recent, Flint, 158. 

Ford, W. E., siliceous calcites from 
So. Dakota, 352. 
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Hidden, W. E., iron meteorite, Hay- 
den Creek, Idaho, 367. 

Hill, R. T., geology and physical 
geography of Jamaica, 222. 

Hillebrand, methods of analyses, 73. 

Hintze, Mineralogy, 229. 

Holm, T., Pogonia ophioglossoides, 
13; studies in the Cyperacee, xii, 
3595. 

Horne, J., Silurian rocks of Britain, 
300. 

Hovestadt, H., Jenaer Glas, 445. 


I 
Idaho, glaciation of Central, Stone, 9. 
Indiana, coal deposits of, Blatchley, 
‘. 
Interpolation, H. L. Rice, 394. 
Ions in gases at low pressures, masses 
of, Thomson, 66. 
Trrigation and Drainage, King, 394. 


J 


Jamaica, Geology and Physical Geog- 
raphy, Hill, 222. 

Japan, earthquakes in, Omori, 305. 

Jenaer Glas, Hovestadt, 445. 


K 

Kathode, see Cathode. 

Kemp. J. F., ore deposits of the 
United States and Canada, 303. 

King, F. H., Irrigation and Drainage, 
394. 

Kite Observations of 1898, Franken- 
field, 394. 

Klondike gold fields, 456. 

Kohlenstofi-Verbindungen, Lexikon, 
Richter, 445. 

Krypton, new gas, Ramsay, 62. 

Koenig, limit of hearing, 66, 148. 


L 


Lambe, L. H., revision of Canadian 
Paleozoic corals, 155. 

Lane, A. C., geothermal gradient in 
Michigan, 434. 

Lange, D., our Native Birds, 81. 

Lehfeldt, R. A., Physical Chemistry, 
445, 

Lewis, W. J., Crystallography, 73. 

Light, nature of white, Carvallo, 220. 
standards of, Petavel, 295. 

Lindgren, W., granodiorite and other 
intermediate rocks, 269. 


Longden, A. C., electrical resistance 
of thin films from cathode dis- 
charge, 407. 

Lory, C. A., electrical thermostat, 
179. 


M 
Maquenne, L., les Sucres et leurs 

principaux Dérivés, 445. 

Maryland Geological Survey, Clark, 

vol. iii, 2238. 

Weather Service, Clark, 234 ; Abbe, 
81. 

Mathematics, History, Boyer, 234. 

Matthews, Etcheminian fauna of Cape 
Breton, 158. 

| Mercury, motion of a submerged 
index thread of, Barus, 139. 

Metals, reflective power of, Hagen and 

Rubens, 294. 

Meteorite, iron, Hayden Creek, Idaho, 

Hidden, 367. 

Central Missouri, Preston, 283. 
Illinois Gulch, Montana, Preston, 

201. 

Luis Lopez, N. Mexico, Preston, 

283. 

stone, Oakley, Kansas, Preston, 
410. 

Meteorites, the Ward-Coonley Collec- 

tion, 304. 

Meteors of November 1899, 80. 
Meyer, O. E., Kinetic theory of Gases, 

221. 

Michigan, geothermal gradient in, 

Lane, 434. 

iron-bearing district, Crystal Falls, 
Clements and Smyth, 451. 

Mineralogia, A. D’Achiardi, 160. 
Mineralogie, Hintze, 229. 
Minerals, determined by refractive 

indices, 229. 

MINERALS— 

Jaleite crystals, Kansas, Rogers, 
365 ; siliceous, from So. Dakota, 
Penfield and Ford, 352. Corun- 
dum in Canada, 389. 

Gold, Cape Nome, 455; Klondike. 
456. Graftonite, N. Hampshire. 
20. Gypsum, Kansas, 364. 

Sphalerite crystals, Kansas, 134 
Sulphohalite, chemical composi 
tion, 425. 
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